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A. \ \^ ^^' 



The following description of the Burnley Coalfield 
and the adjacent formations is the 14th memoir pub- 
lished by the Geological Survey on the Coalfields of 
Great Britain. Of these one is descriptive of the Geo- 
logical Maps of the Chesliire Coalfield by Mr. Hull and 
Mr. Green, and four are descriptive of the Lancashire 
Coalfield by Mr. Hull. This memoir on the Burnley 
District, therefore, completes the account of the Lan- 
cashire Coalfield and the adjoining formations, the coal- 
measure maps of which are published on a scale of six 
inches and of one inch to a mile with illustrative 
sections. 

I do not doubt that the book will be welcome to all 
those interested both in the mining industries, and in the 
more purely scientific geology of the country described. 

Andrew C. Ramsay, 

Director-General. 
H.M. Geological Survey Office, 
Jermyn Street, London. 
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The country of which the Geology ia described in the present 
Memoir was surveyed by Mr. Edward Hull and Messrs. Green, 
Tiddeman, Dakyns, Ward, Gunn, De Ranee, and Strangways, 
under the direction of Professor Eamsay. 

This area, comprised in quarter-sheets 89 N.W. and N.E,, 
88 N.W., and 92 S.W., includes the highly developed carboni- 
ferous series of North Lancashire, the small but rich coalfields of 
Burnley and Blackburn, and the Coppull district of that part of 
the Lancashire coal-measures which is known as the Chorley 
Coalfield. 

The Permian and Triassic rocks, on the west side of the great 
fault which cuts off the carboniferous rocks, are also described ; as 
weU as the drift and post-glacial deposits of the plain about the 
estuary of the Eibble and which form the seaboard of that part of 
Lancashire. 

The greatest portion of the Memoir was written by Mr. Hull, 
by whom also most of the ground was surveyed ; a considerable 
part being, however, from the pen of Mr. De Ranee. J\Ir. Tiddeman 
deserves especial mention as not only having contributed to the 
Memoir, but as having acted as general editor of the whole ; in 
the performance of which duty he has spared neither pains nor 
time. 

A very valuable stratigraphical list of the fossils occurring in 
the district has been drawn up by INIr. Etheridge, Paleontologist 
to the Survey, as an appendix; while a list of the works and 
papers bearing upon the geology of the district of which the 
Memoir treats has been added by Messi-s. Whitaker and Tidde- 
man as a second appendix, fuUy illustrating the bibliography of 
the subject. 

The index has been drawn up by Mr. H. B. Woodward, the 
references to localities having been supplied by Mr. Tiddeman, 

Heney W. Bkisto"w, 

Director for England and Wales. 

H.M. Geological Survey Office, 
28, Jermyn Street, London. 
1st December 1874. 



ANALYTICAL TABLE OP CONTENTS, 



CHAPTEK I. 
PHYSICAL GEOGRAPHY. 



Paok 



G-8 



Area I. — The Triassic Plain .... 

Area II. —The Coalfields of Burnley, Blackburn, and 
Chouley, .\nd the Rossendale Anticlinal 
Principal ^^'atershed3 
AVatersheds crossing Valleys 
Sabden Valley- 
Dean A'alley, Great Harwood - 
Roddlesworth and Belmont Valley 
Whitworth Valley 
Calder Head 
Todmorden 
Principal Elevations, Table of - 8 

Area III. — Country East of the Anticlinal Fault : — 

Boundaries ... - - i 

Physical Features - - > 8-10 

Drainage .... -J 

Area IV. — Pendle Range and Riddle Valley. 
Anticlinals : — 

1. The Clitheroe and Skipton Anticlinal -] 

2. The Slaidburn Anticlinal -I lO-U 

3. The Sykes Anticlinal - - J 
Drainage ... I ]l_]o 
The Great Watershed - - - ] " 
Pliysical Features of the Ribble Valley 

„ „ Pendle Range 

„ „ Country East of Gisburn 



CHAPTEE II. 



SEDIMENTARY ROCKS BELOW THE COAL MEASURES 
ALONG THE RIBBLE VALLEY. 

The Carboniferous Limestone : — 

Thickness ... -~| 



WithgiU ... - I ,„ ,, 

Clitheroe, Salt Hill, Coplow - ;- lo lo 

Chatburn (Analysis of Lime) 

Gisburn, and Bolton-in-Bowland ■ ■ - _ 

The Shales-with-Limestone - 16-17 

The Pendleside Limestone - - - 17-19 

The Lower Yohbdalb Grit - ■ - 20-21 



CONTENTS. 

Pagb 

The Bowland Shales : — 

Characteristics .... . -^ 

A warning to coal seekers - - . ' [ o^ 90 

Thickness - - - f '"■''''' 

Weets - - - - -J 

The UprER Yoredale Grit : — 

Nomenclature ..... 

Characteristics . . . - - 

Range :— Mellor, Ribohester Station, Whalley, Sabden - I 22-28 

" Burst " on Pendle . - '' 

Form of Pendle on the Map - - 

Range East of Pendle - - - " _ 

Shales above the Upper Yoredale Grit 28 

Lower Carboniferous Rocks East op Gisburx - 28-32 

The Millstone Grit Series ; — 

" Fourth," or Kinder-Scout Grit 33-0 

Sabden Valley Shales - - 36-7 

"Third Grit " Series - 37-42 

" Second Grit," OR Haslingden Flags - 42-3 

" First Grit," OR Rough Rock - . . -13-ti 

The Country on the Eastern Side of !'2 S.W : — 

The Carlton Synclinal -T 

The Lotliersdale Anticlinal • ' " L dC-'^'' 

The Reedshaw ^loss Synclinal and ^Vatcr.sheddles Anticlinal - f" 
Borings near Laneshaw Bridge -• • . - -J 



CHAPTER III. 

THE BURNLEY COALFIELD. 

Introductory . - . . " "1 rq 

Authorities - - . , . J" ^-^ 

Lower Coal Measures : — 

Cliviger Section - 1 

Flagstones ... I ^ ^ 

" Old Lawrence Rock," Catlow Quarries . - l" "'^"" 

" Woodhead Hill Rock " . - - -J 

Coal Seams : — 

Gannister Coal, or Mountain Mine - '\ c,r 

The Forty Yards, or Upper Mountain, Mine . J 

Darwen Coalfield - . 56-7 

Turton and (iuarlton . 6S 

Littleborough and Wardle - . 58-GO 

Bacup Coal District . . G(>-2 

Accrington and Blackburn Districts - - . 63-4 

Harwood, Huntroyde, Marsden, and Worsthorn Districts - 66-70 

Estimate of Future Supply from tlie Lower Coal Measures 70 

Middle Coal Measures of the Burnley Basin : — 

Sections at the FuUedge, Cliviger, and Gawthorpe Collieries - 71-3 

The Arley Mine - - - 73_7 

The Dandy Bed, or Cally Coal of Cliviger . 77-8 

The China Bed, or Cliviger 2-feet Coal - 78 

The Slaty Coal - . 73 

The Great, or Bing, Mine . 78-80 

FuUedge Thin Bed . . 80 

Cannel Seam - - - 80 
Low Bottom or Blindatone Coal ..... 80-1 

The Lower Yard Coal - . . .* gi_2 

The Old Yard . . - - - 82 

The Burnley Four-foot - . - - - 82 

The Shell (Joal or Vicarage Mine . . . ^2 

The Kershaw Coal - - - - 82 



CONTENTS. 

Pasb 
Resources OF THE Burnley Basin ... 82-3 

Faults of the Burxley Basin: — 
Little Harwootl Fault 
Harper Clough Fault 
Oakenshaw Fault 

Altham Clough Fault . . J. 83-4 

Hapton Hall Fault - j 

Padiham Green Fault | 

Habergham Favilt - -J 

Cliviger Fault . SI 

Fulledn-o Fault 84-5 

Thie\-elcy Fault . 85 

Deerplay Hill Fault - . 8(i 

Faults at Rowley Colliery 8(i 

HoUins Fault ' - - H(\ 

\yorsthorn Fault - HJ 

Marsden and Oolne Districts 
Padiham and Gawthorpe - 1-87 

The Ightenhill Fault 



The Great Anticlinal Fault 
Blackstone Edge 



-} 



CHAPTER IV. 
THE CHORLEY COAL FIELD. 

{Coppul District.) 

Eitent - - - - - .in 

Lower Coal Measures, or G.vxnister Beds 91 

Section at Charnock Richard - - 91-2 

Middle Coal Measures : — 

The Arley Mine - 92-4 

The Smith Coal - ^ 

The Bone Coal I 

The Yard Coal (" 

Cannel and King C'nals - - -J 

(Sections in Lower Coal Measures, Blackburn and Chorley Rail- 
way) . - . - 95 
Blainscough Hall Section 95-G 
Faults and Borings - - 9G-8 



94-5 



CHAPTER V. 

COUNTRY EAST OF THE ANTICLINAL FAULT. 

tilTHOLOGICAL DESCRIPTION : — 

Rocks and Thicknesses - . . - 98 

Blackstone Edge - ... 99 

Stratigraphical Description - " - - 100 

AnticHnal Fault - - . ~ 100-1 

Detailed Description : — 

Yoredale Shales ■ 101-2 

„ and Grit - 102-6 

„ inWiddop - - 106 

„ in Hey Slacks Clough - 106-7 

Kinder-Scout Grit - 107-12 

Third Grit Series - - 113-19 

Agricultural Features - - - 119-20 



CONTENTS. 

CHAPTER VI. 

THE PERMIAN SYSTEM. 

Page 

Roach Bridge Section - 120-1 

AVaddow Hall Section 121-2 

Yarrow Section . 122 



CHAPTER VII. 



THE TRIASSIC ROCKS. 

Bashall Brook Section - - - - - 122 

Waddow and Tliornyholme Fault 122 

Pebble Beds around Preston - - 123-6 

Upper Mottled Sandstone - - 126-7 

Keuper Marls - - - 127-8 



CHAPTER VIII. 

GLACIAL AND POST-GLACIAL DRIFT DEPOSITS - - 128-33 

Glaciated Rocli Surfaces - 133 

A\'h alley, Cliatburn - 133-1 

Horwich Moor - - - 134 

Ribble Valley - - 135-7 

Country North and East of Colnb 137-9 

KivER Terraces and Alluvium - 139 

Glacial Drifts of the District around Preston and 

Chokley - - 140-54 

Lower Boulder Clay 140-1 

Middle Drift - - 141-51 

I'pper Boulder Clay 151-4 



CHAPTER IX. 

POST-GLACIAL DEPOSITS OF THE WESTERN PLAIN. 

High Level AUmlum ... 155-6 

Shirdley Hill Sand . . - . - - 156-8 

Lower Cyclas and Scrobicularia Clays - 158-9 

Ancient Low-level Fluviatile Alluvium ... 159 

Peat 159-61 

Martin Mere - - . 161-2 

Recent Fluviatile Alluvium ... 162-3 

Recent Tidal and Estuarine Alluvium - 163-8 

Sequence of Post-Glacial Deposits ... 168 



CHAPTER X. 
RELATIVE AGES OF THE PENDLE AND l^ENINE CHAINS 168-9 
Faults and Lie of the Rocks in the Western Plain - 169-/1 



CONTEXTS. 

CHAPTER Xr. 

IGNEOUS ROCKS. 

Page 
Irap Dykes - - 171-2 



CHAPTER Xn. 



MINERALS, METAL MINES, &c. 

Minerals - - - 172-3 

Lead Mines of the Rihble Valley 173-5 

Fire-clays, &c. - - 175 



APPENDIX I. 

List of Fossils • - 17l) 



APPENDIX n. 

A List of Wohks and Papers helaiixg to the Geology 

OF Lancashire 18!-i 



30514. 





NOTICE. 



The country described in this Memoir cannot be considered 
as a separate tract distinguished from its surroundings, either 
by physical features or geological structure, nor as containing 
throughout it any common characteristics which will serve to 
connect it together as a whole. At the same time it is naturally 
divisible into four Avell-marked areas. 

1 . The western consists of a low tract * about the estuary of 
the Ribble, a portion of the plain which forms the Lancashire 
sea-board. It is composed of soft Triassic and Pei-mian rocks, 
for the most part concealed by Drift, and is bounded on the E. 
by a large N.N.E. fault, which brings up the Carboniferous 
rocks. 

2. Kunning obliquelj^ from this in a N.E. direction, the 
Penclle range of hills stands out in marked contrast to the lower 
tract of country on the S.E, formed by the softer Coal Measures 
of Chorley, Blackburn, and Burnley. These consist of an irre- 
gular basin, the highest beds of winch are in the neighbourhood 
of Burnley. From beneath them rise towards the S, of the 
district the successive members of the Gannister and Millstone 
Grit series, the latter forming several elevated tracts separated 
by valleys. This area is bounded on the E. by a line of fracture 
called "the Anticlinal fault" from its nearly coinciding with 
the axis of the Penine chain. 

8. On the other side of that fault the rocks, consisting in the 
main of the Millstone Grit series, dip gently to the E. beneath 
the Yorkshire Coalfield, and constitute our third division. 

4. The Pendle range of hills overlooks to the N. the valley 
of the Ribble, which is excavated in the Lower Carboniferous 
rocks along the axis of the Clitheroe anticlinal, and with it forms 
our fourth division. 

J. R. D. 
R, H. T. 

* Contained in Quarter-sheet 89 X.W. 
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GEOLO&Y 

OF TUB 

BURNLEY COALFIELD, AND OF THE COUNTRY AROUND 

CLITHEROE, BLACKBURN, PRESTON, CliORLEY, 

HASLINGDEN, AND TODMORDEN. 



CHAPTER L 
PHYSICAL GEOGRAPHY. 



AREA I. 

The TRIA:^slc Plain. 

The district comprised under this head consists of a plain, gradually 
sloping upwards from the flats bordering tlie estuary of the Ribble to 
the hills of the Pondlc range. 

The continuity of the plain is broken by the \ alley of the Ribble and 
by the narrow valleys of the various small brooks running into that 
ri\-er, as well as by the shallower valleys of its larger tributaries, the 
Darweu and the Douglas or Asland.* 

A small tract of country to the north->\cst is drained by brooks 
floA^iug into the river AVyrc. 

West of the Douglas the country is very low, often, indeed, beneath 
the sea-level, and is a continuation of the great peat-moss plain which 
has been described in the Survey Explanations of Maps 90 S.E. and 
N.E., as extending between Li\crpool and Soulhporl. The undu- 
lating plain of Glacial Drift abo\e has an average elevation of 120 feet 
above the sea, towards which it slopes at a very low angle, terminatiun- 
abruptly at Blackpool in a liue of cliffs about 70 feet in height. — 
C. E. R. 

AREA II. 

The CoALiiELUs of Burnlev, Blackuuux, axd C'huulev, and the 
RussENDALE Anticlinal. 

Physical Fcdtio-cs. 

This district extends from the Triassic Plain on the west to Sowerby 
Bridge on the east, and from Bury and Rochdale on the south to Colne f 
on the north. It is for the most part made up of hill and dale, one of 
these latter attaining the proportions of a broad valley-, stretching in u, 
north-easterly direction along the base of the Pendle raii,i;'e of hills, from 
Fenuiscowles to the vale of the Calder at Padiham and Burnley. In 
this vale the important town of Blackburn is situated ; and it may here 
be premised that the outward trough-shaped aspect of this tract is only 

* In the IJeport of the Koyal Kivers Pollutiou Comniissiou, the area draiued by the 
Kibble is given at 412,480 acres, witli a population of 387,839, and the Douglas at 
109,760, witli a population of 101,337. The total area being 816 square niik'.<^. 
— (.;, E. K. 

+ The Koman Cohtnio. 
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an index to its geological striR-ture, as it is almost continuous with the 
Burnley and Blackburn coal-basin. 

To the north-west of the Burnley basin rises the long range of the 
Pendle Hills. The liasin is bounded to the eastward by the ranges 
which culminate in Boulsworth Hill and Black Hambledon, and to the 
south by a series of broken hills and slopes, deeply indented by valleys, 
but in the main forming a line of watershed which, stretching from 
Anglezai'k Moor on the west to Dirpley Hill on the east, throws off to 
the northward and southward the affluents of the Ribble and the Mersey 
respectively. 

This range consists of formations of older date than those of the 
Burnley basin, rising into flat-topped elevations ; and, considered as a 
whole, forms the axis of a low arch or anticlinal ; for the beds roll over 
to the south and sink down below the South Lancashire coalfield. 

Thus, this district may be regarded as formed of one great stratigra- 
phical undulation, consisting of a trough on the north, with a correspond- 
ing arch on the south ; the axes of both lying in a direction nearly 
parallel to each other, viz., nortli of east and south of west. The trough 
has been long known under the name of " the Burnley coal-basin," and 
the parallel arch I propose to call "the Rossendale anticlinal." 

Watersheds. — The district contains two important lines of watershed. 
One of these parts asunder the waters flowing down into the German 
Ocean on the east from those which find their -way through the channels 
of the Kibble and Mersey into the Irish Sea on the we-l. Banging 
southward from Boulsworth Hill by Black Hambledon, it crosses the 
Portsmouth valley at Calder Head (758 feet), thence taking the line of 
the ridge east of Bacup as far as Shora IMoor, turns to the eastward 
and crosses the vale of Todmorden at Dean Head, about two miles north 
of Litdeborough. The line then ascends to the summit of the moor- 
lands which form the boundary between the counties of York and Lan- 
caster, and then takes a southerly direction by Blackstoiie Edge, almost 
parallel with tlie county boundary. The other line of watershed has a 
general E.N.E. direction, eoiresponding with the hills of the Eossendale 
anticlinal. It separates the ivaters which How into the Eibblo from 
those which flow into the IMei'sey. Commencing at Aiiglezark Moor, it 
crossi^s the valley n(.>rth of Belmont, a short distance south of HoUings- 
head Hall (950 feet), tlien aseeuding the highest ])arts of Diirwen Moor 
it dc'seuiids on the ()[iposite side, crossing the valley at Cranberry oNIoss. 
It thence takes an lasterl} course to Orrell Moss, then northward to 
Bike Low and Haslingden Moor, and crossing the valley about a mile 
north of Haslingden ascends the riil;;e of Hambledon Hill and Hapten 
Park, <acsses the valley on the east liy Hoi-elaw Nook* (984 feet), and 
]i.-is,sii)g along the crest of the riilgc south of the valley of the CaMer, 
foruis ;i junction with the north and south wati'ished already described. 

AVate];>heds ciiossixd Vallkvs. — Amongst the physical phenomena 
of the district perhajis none arc more worthy of attention than the 
examples afforded of the parting of the streams in opposite directions, 
not onl}- along the crests of ridges or elcMitions, but in the valleys 
themselves. I shall here notice sduie of the <"isi's referred to. 

Sdhdcii. Valle)/. — The watershed here c-icisscs the vallev from north 
to south by a iiirm called Moss Nook, near New-Church-in-J\nclle. At 
this spot the valley is about a (|na,rtcr of a mile wide, hollowed out in 
shales between two beds of ;\[illstone Grit, and has a siiioolh, almost 
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level, surface. On either side of the saddle two small streams take their 
rise, one, Sabden brook, flowing towards the south-west, the other, 
Dimpenley. Clough, flowing towards the north-east and falling into 
Pendle Water. Both streams ultimately unite in the river Calder. The 
elevation of this watershed is 780 feet above the sea. 

Dean Valley, Great ffarwood. — A similar case occurs at the source 
of Dean Brook, Great Harwood. The valley is here about a quarter of 
a mile in breadth, and formed in the same beds of shale as that of 
Sabden. The saddle is here very flat and smooth, and has an elevation 
of 625 feet. 

Roddlesioorth and Belmont Valley. — The watershed here lies at the 
summit of a broad valley, and is only slightly removed from the hori- 
zontal for some distance on either side. It dividL's the Roddlesworth 
brook, which flows northward into the Ribble, from a stream which 
flows in an opposite direction into the Irwell and JNIersey ; it has already 
been alluded to as being part of the main watershed of the country. 
The elevation is 950 feet. 

Whitworth Valley. — Near Under Shore farm, at the head of Whit- 
worth Valley, the watershed, dividing the sources of the river Spidden 
from one of the afiluents of the river Irwell, crobbcs a well-formed 
valley, with steep banks descending into a neaily level channel. The 
elevation is about 980 feet. 

Calder Head. — This is a remarkable case, from the fact that at this 
spot two streams of the same name take their rise and flow to\\'ards 
opposite coasts of England. It seems not impruluible that this confusion 
of two streams under the same name has arisen from their sources being 
in the same valley ; and the name being in each case transmitted down- 
wards along the course of the stream, it came to p:iss that the people 
living on the banks Avere, without knowing it, ap[ilying the same name 
to difierent streams. 

At the summit of the valley is situated one of the pits of Cliviger 
colliery, the shaft of whicli passes through 60 yai-ds of gravel, probably 
drift, as boulder clay is shown in the cutting of tlie railway close liy. 
The valley here lies in the line of a large fault, and on the southern side 
the cliflfs of Millstone Grit rise in the form of a steep escarpment. Tlie 
descent on both sides of the watershed is pretty rapid, and the elevation 
is 758 feet above the sea. 

Todmorden.* — The last case which I shall describe is that of tlie 
watershed at Dean Head. Here it crosses one of the deepest and most 
perfectly formed valleys in Lancashire, bounded by steep banks, which 
rise on either side to an elevation of more than 300 feet above the 
valley. The change of inclination in the ground on crossing the saddle 
is almost impei'ceptible to the eye, and the bottom of the valley presents 

"■ I venture here to offer a suggestion regarding the origin of this remarltahle name. 
Taking the last syllable first, — "deu-:" this is the Saxon, and means (according to. 
;\Ir. T. T. Wilkinson), a deep dale, very properly applied in tliis case. Now for 
"Tod" and " mor." I do not believe they have anything whatever to do with 
" death," but are capable of two derivations ; either " Tor," the British for a cliff, or 
pinnacle of rock, of which there are striking examples iu the case of the Bride Stones 
the Hawk Stones, and Chisley Stones, all overhanging the valley, or " Tod, ' 
the Saxon name for a fox. " Mor " I take undoubtedly to be British, signifying great 
or large. Hence we have either the " dale or valley of the great rock or Tor," or 
" the dale of the great fox." The latter I take to be the more probable, though it 
requires the conjunction of a Celtic adjective with a Saxon noun. The termination of 
the Saxon " deu " to the " Tod-nior " need not sur)aise Ub.— K. 1\. 
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a fiinooth surface, •^^■llicll, tliuugh iinl, nt prci-eiit contaiiiiii;^ any stream, 
lia,s clearly iK.'cii Ji'viIIimI )iy (lip aclioii of wa(c-r. The elevation of the 
summit of (he > alley is 600 i'eel above tin' tj-.x. level. 

Ei.KV.VTiciiNs. — The following isali^t of the piiricipal elevations in this 
area, or its margin, in the order of their res|iccli\e heights,* com- 
mencing with Pendle Hill, which ijropedy stands at the head of the 
list : — 

Name. Formation. Altitude. 



Pendle Hill 




"i'oredale Grit 


1,831 




Lad Law, Boulsworth Hill 




Millstone Grit 


1,700 




Black Hambledon 




,, 


1,57.'- 


S 


Blackstone Edge 






1,5.51 ■ 


5 


■Whittle Hill 




Lower Coal Measures 


1,534 




■Winter Hill 


_ 


Millstone (irit 


\,4'.ir> 




Baltic Cwm ('dlhcry 




ijower Coal Measures 


1,-1 .5H 




(_'nupc Lowe 




Millstone Grit 


1, 4.^(1 • 


8 


Decvplay, or Dirplay Hill 




Lower (^oal Measures - 


l,427■ 


1 


'footer Hill 




)) >> 


1,419 




Knowl Hill 




)) 


i;:S7'^ 




Ramsden Hill 




!• .) 


i,34(;- 





Hambledon Hill 




Middle Coal Mciisares 


1,341- 





Daru'cn Moor 




Lower Coal Measures 


1,31H 




Lowe Hill (Portsmouth) 




Millstone (irit 


\,2VJ- 


7 


Hartley's Pasture (dnijier) 




Middle Coal Measures - 


1,180 




Ueerplay Muor (watershed) 


- 


Lower Coal Measures 


l,l(;(i 




Holcorabe Hill (monument) 




Millstone Grit 


1,1 (i2 




(Jaster Cliff, Colne - 




Lower Coal Measures 


|)0(i- 


5 


Black Hill (Padiham Heights) 


Millstone Grit 


Hdr, ■ 


2 


Grant's Tower 




,, 


Sl'5 




Billinge (Blackburn) 






.S06 




Moss Nook (Newchurch-in-Pendlc) 








(watershed) 






7«t 




Revidge (Blackburn) 




J' 


751 




Roman Camp, Mellor 




Yurcdale Grit 


731 • 


7 


Whalley Nab 




Millstone Grit - 


(i(l5- 


7 


I^ean Head, Todmordcn 


Valley 








(watershed) 




^, 


(ino 




Hoghton Tower 




,, 


575 




Port-field (Roman camp), AYhalley 


J. 


40(1 





E. H. 



ai;ea III. 

Ci>u.\Ti;v East df xue Anticlinal Failt. 

Phi/sicdl Features rniil l)i(ii iiikjv. 

This division comjirises the eovinlry bounded on the west by the 
Aniicliiial I'^ault, on the north by (he gieiit Fault running between 
Boulsworth and C'roAV Hill, and thence, by the wateished of the rivers 
Aire and C'aldor, by A\'ifhins Ileighl, Stairs Hill, Snn Hill, Yeoman 
Hill, and the ( )xenhope Moors, as far as Xab, the northern end of Cold 
I'jdge ; and on the east by Cold Edge ,ind the liills bordering the Lud- 
deiiden \alle}' on the east as far as Sowerby Bridge, and thence b^' the 
hills on tile right bunk of the Ribturne, and on the south by INIosleden 
Height and Way Stone Edge. 



* These lire liifcii from :lir G-incli ordnance niaiis. 
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The conntiT thus cironniscrilicd forms ii Wfll-inurkfd aicii, paiteil botli 
pliybk'ally iuid ,<;i'oliij;icnlly i'roiii the Hurnley liasiii dii llii' west liy llm 
Antirlinal Fault ; and, though in n less luaikrd manner, ytill rsullicii'Mtly 
well from llic sun-ounding i-oiintiy by llie line ofliills indicaled above. 

The Anticlinal Fanlt runs in a tlirection N. by VV. along a well- 
marked mountain wall, whieli forms generally the waJerslied brtweeai 
the ri\ers that How (>ast inlo llie (ievuian Ocean and those that How 
west into the Irish Sea. This watershed generally eoineides pretty well 
with the anticlinal axis of the Tenine chain, as it is called, save wheic 
the latter is broken through by valleys, as is cons|)icuonsly the <'ase at 
Todmorden, where the Yorkshire CahU'r cuts across the axis, and thus 
interrupts for the space of about two miles the mountain wall which is 
generally formed by the Anticlinal Fault bringing the hard and massive 
Kinder Grit against the various beds of grit and shale which form the 
higher part of the iSIillstime Grit scries. 

This wall of Kinder reaches from Boulsworth, hi the extreme north, 
by Greystone Hill, Black Moor, and (iorplcstones, along Black Hamble- 
don, Langtield and \'\'alsden Moois, and Blaekstone Ivlgc, lo Axletrec 
Edge, in the extreme south. It attains the following heights in feet 
abo\e the sea level : — 1,700 at Lad Law, Bmilsworth ; l,.>l(i at (,'rown 
Point, Grey iStone Hill ; 1,53.5 at Gorple Stones ; 1,574 at Hoof Stones 
Height, on Black Hambledon ; 1,4.34 at Bride Stones ; 1,13!) on Laii.u- 
fiekl Edge ; 1,219 at Gadden lieservoir ; 1,360 on Byron Edge ; l.o.^i 
on Blaekstone Edge ; and l,3o(j at Stokes in the Moss. It thus attains 
an average extreme height of 1,438 feet. 

The country falls away eastward with an incliiudiou equal to or 
slightl)' less than the dip of the beds, which come on one above the 
other in a succession of terraces sloping eastward, whose steep sides, 
formed by the escarpments of grits and sandstones, liiei' west-\\ard, as 
the general strike of the beds is N. 22 W'., which is also \eiy nearly the 
direction of the Anticlinal Fault. Thus as we go eastward we cume on to 
higher and higher beds, which successively attain the heights of 1,172, 
1,405, 1,311, 1,316, 1,369, 1,51S, 1,253, l',050, 1,25S. 1,425, and finally, 
in the Eough Eock of Cold Edge, of 1,450 feet above the sea. 

With the exception of a small portion about Boulsworth, in the 
extreme north-west, which belongs to the Kibble basin, this district is 
drained by the Yorkshire Calder and its affluents. These are, on the 
south, the river Ribourne and the St. John's Vale .stream; on the north, 
the river Hebden and its affluent from Horsebridge Clough, the Colden 
Clough beck, and the stream -which flows down the Luddenden valley. 
The river Calder divides the country conveniently into two portions, 
which we will describe separately. Tins vixcv is iormed by the junction 
at Todmorden of two branches, one coming from the Is.W., which 
bears the name of Calder, and one from the south along the vale of 
Todmorden, which lea,ds by Gauxholme towards Rochdale. From Tod- 
morden the united streams flow eastward to Sowerby Bridge. Th<> 
river Hebden rises on the moors of Black Hambledon, Black iNloor, 
Widdop ^loor, and Jackson Ridge ; it is formed by the union at Blaelc- 
den Biidgi' of the Gorple water, the Widdop water, and streams flowing 
down Greave Clough and Walshaw Dean. It flows south with an 
easterlv set, and is joined at New Bridge by a stream flowing due south 
down Horsebridge Clough, and the two united join the Calder at Heb- 
den Bridge. The Colden Clough stream drains the moors betAvcen the 
hasins of the Hebden and C^afder. Another affluent from the jiortli 
flows down the Luddenden valley to join the Calder at Luddenden P'oot. 
On the south a large bock flows down the vale of St. .lohu in ii N. by E. 
direction to Mytholmroyd ; and at Sowerby Bi'idgi; the Calder is joined 
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by the Ribourne from tbe south, which is formed by the union of two 
streams flowing east from the moors of Blackstone Edge. 

In the north-west the stream draining 'Hey Slacks Clough runs into 
the Lancitshirc Calder, and the northern slope of Boulsworth likewise 
drains into that ri\er. — J, R. D. 



AREA IV. 

PjiXDLE Ra:Ci.E AKD RiBliLE A'alley. 

Our fourth division forms a part of one great compound anticlinal, 
which separates the coalfield of Burnley, on the S.E., from that of 
Ingleton and Black Burton, on the N.W. by a great upheaval, or rather 
series of parallel upheavals of lower and earlier rookn. ^Measured across 
the strike from coalfield to coalfield, it occupies a breadth of at least 
22 miles. 

Only a portion of this comes into the present district, but as it affects 
the whole country it will be necessary to describe it briefly.* It con- 
sists of three principal anticlinals, with others of less importance inter- 
calated which are not so continuous. The general direction of their 
axes is E. 35 N., but they seem to run more easterly as they approach 
the Penine Chain. The three greater decrease in size and importance 
from S. to N. 

1. 77if Clithiroe and Skipton Anticltnal is seen above Roach Bridge, 
in the river Darwen, where its further westerly extension is concealed 
by the Permian and Triassic rocks. In the other direction it runs by 
Mellor to Bonny Inn, where it enters the valley of the Ribble and 
greatly enlarges in breadth. Thence its axis runs through the low 
ground where, as a popular couplet tells us— 

" The Ribble, the Hoddev, the Calder, the Ruin, 
All flow into Mitton Deme.sne." 

Then pretty much up the Rilible under the red Permian rocks to Wad- 
dow. As the Limestone shows, its course is tolerably clear by Chatburu 
to Dovvnham, beyond which we have great complications, faults, and 
minor folds, which greatly obscure it, but appear to shift the chief axis 
further north. It lies S. of the road from Sawley to Gisburn, and on 
by Skipton towards Bolton Abbey. Its length is more than 35 miles. 

Two conspicuous smaller anticlinals, with their associated troughs, 
occur South of that of Clitheroe at the two extremities of the Pendle 
Chain. One is E. of Bamber Bridge, and probably brings on in the 
synclinal N. of it at ]\Iaud^ley Fold, a small area of coal-measures. The 
other is the anticlinal of Lothcrsdalc, which has on its north side a 
trough of Upper Yoredale Grit, forming Elslack Moor. Neither of 
them has a long range. 

A third, enclosed between two faults, and traversed liy another, occurs 
about Barnoldswick and Thornton. Its main direction is N.E. 

2. The Sldidhiini Aiilirlhxil lies along the valley of the Loud, north 
of Longridge Fell and its W.S.^^'ly. continuation, embracing Chipping 
and Whitewell. At the latter place its continuity is interrupted Ijy 
faults thro\viug do«)i the grit of Birkett, and Hodder Bank, Fells. It 
resumes its course at Knowlmere JManor, runs by Newton and Slald- 



* This grciit anticliDal was brii_H\ desciibcd liy JIi. Hull in a paper read to llie 
Bi'itisli Assoeialiou in 1867, partly tioni information gi\eu In me.lmt my Unol^ ledge 
of it was then uecet^arily imperfect. — K. II. T. 
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burn, and passing N. of Champion and 8. of Tosside Chapel, is most 
likely continuous with that which forms under IMalham Cove, the 
cradle of the Aire. 

The trough between these two great anticlinals embraces the basin of 
Millstone Grit which lies between LongridgeFell on the N., and Mellor 
on the S., the grit fells of Waddington, Easington, and Champion, and, 
across the Ribble, " The Weets " E. of Malham. 

3. The Si/hcs Anticlaial occurs at the head of the valley of the River 
Brock, about Admarsh. It runs E.N.Ely, through the Fells of Bow- 
land, not making a continuous valley, as do the two greater anticlinals, 
but bringing up the lower rocks in the valleys which cross it, as at Sykes 
and Brennand, and in Croasdale above the House of Croasdale, and 
continues across the vale of the Hodder from Lamb Hill to Fair Hill. 
Thence easterly it is somewhat indistinct beneath the grits, but probably 
is the same as that which thrusts up the Limestone on the S. side of 
Stoekdale near the Ryeloaf, in the neighbourhood of Settle. 

Between this and the Ingletou Coalfield there are many minor undu- 
lations, but none so continuous or so marked in their effect as those just 
briefly described. 

It will be seen that the anticlinals generally form valleys, whilst the 
synclinals stand out in relief between them. 

The part of this great compound anticlinal with which we are now 
more immediately concei'ned is contained in the 1-inch quarter-sheet 
92 S.W., of which it forms about four fifths, in the N.W. corner of 
89 N.E., and in the northern half of the east border of 89 N.W. 

Drainage. — It is drained for the most part by the Ribble, with its 
southern tributaries the Darwen and Calder, and the Hodder which runs 
into it from the N.W. The chief of the lesser afiluents of the Riljble in 
92 S.W. from the N. are Skirden Beck and Holden Brook, which join 
it at Bolton Park, Grindleton, Bradford, and Waddington brooks, which 
water the villages whose names they bear, and Bashall Brook, which is 
of some length and has a tortuous course. From the 8., Stock Beck 
enters it near Gisburn, and Swanside and Ings Beck united near 
Sawley. The latter forms the county boundary from Rimington Moor 
to the Ribble. Worston Brook runs through Clitheroe, is joined by 
Standeu Brook at Primrose Mills, and enters the Ribble at Henthorn 
Mill— R. H. T. 

The Great Watershed between the rivers running into the Irish and 
North seas crosses the district from north to south. It runs from 
Marton Scar and Cranoe Hill over the low Craven country by West 
Marton, Gill, and Rain Hall. At the canal, north of Gill Church, it is 
less than 450 feet above the sea, and this is probaljly the lowest point 
on the watershed between Derbyshire and the Cheviot Hills.* It 
again crosses the canal east of Barnoldswick, at a height of about 490 
feet, and runs up on White Moor to a height of 1,200 feet, descending 
rapidly again to about 530 feet near Foulridge. Henceforth it traverses 
high ground, its winding course being generally near the county 
boundary. Reedshnw Moss 875 feet, Watersheddles, S. of Combe Hill, 
about J, 120 feet, and Widdop Cross 1,286 feet, may be mentioned as 
passes across the watershed. All the country west of the watershed 
is drained into the Ribble, and that which lies east of it into the Aire. 
vStock Ijcck. which falls into the Ribble near Gisburn, drains the low 



» The iiurt (if tho watersla'd ansstd liy the ^'c\rc.l^tle and CaiU^le Kaihvay is 
about as low as this. 
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ground west of the watershed. This stream is f'ormi.'d by tljc junction 
of several small streams rising in the high ground of AVcets, swelled by 
others rising near tiled stone. The high ground west of the water- 
shed is diained Ijy feeders of the Lancasliire Calder (an affluent of the 
Ribble), the longest branch of which, the river Lancshaw, rises on 
Combe Hill, and forms for some distance the county boundary. It 
receives in its ivestern course the W^ycoller and Tra^^■den brooks, which 
drain the norlliern slope of Boulsworth, and two miles below Colne 
it is joined by the Tendle Water, a considerable stream, which with its 
branches drains the southern slope of the high ground between Pendle 
Hill and Weets. 

The little streams near Crow Hill ai-e the sources of the river Worth, 
which joins the Aire at Keighley. The Ickornshaw, Gill, and Lothers- 
dale becks unite to form Glusburn Beck, which runs into the Aire 
below Kildwiclc. ye\ eral small becks near Carlton run directly into 
the Aire. Broughlon Beck, formed by the junction of County Beck and 
Lancashire Gill in the low moss north of Foulridge (which is probably 
the site of an old lake), receives, near Kelbrook, Earby, and Elslack, 
feeders coming down from the higli ground of l\ogcr, Thornton, and 
Elslack moors, and at Elslack Bridge a feeder, wdnich drains the low 
ground east of the watershed. — W. G. 

Physical Featiiies. 

Tlie valley itself of the Ribble, lying between the Pcudle Range and the 
Grit Fells, which sei)arate it from the liasiu of the Plodder, is coveix-d 
for the most part witli a tolerably thick coating of glacial drift and 
other surface deposits, which have a general slope from the Fell-sides to 
the river, Isut rise iu certain parts into rounded hummocks, a^ e.g. the 
long gravel I'idge which runs from A^'addington to Bnshall Hall, and 
resumes its S.W. course, after an inteival of about a mile and a half, 
beyond the Hodder, in the neighbourhood of 8toiioy-luu-st. Through 
this surface envelope the limestone rises in many places in low hills, 
rounded for the most part, but in others with terraces following the 
outcrop of successi\'e beds of limestone. Of the first I may mention 
Withgill, Worsaw, (lerna, and Wybersey, and of the latter the beautiful 
wooded glades about Downham, Gledstone, and Waddow. Above Sawdey 
for ;i, considerable distance the drift has the predominance, and only 
along the river course itself, which is here a deep ravine, and in a few 
brook channels, are the rocks exposed. This low country lies chiefly 
beneath the 500 feet level, and is entirely laid out in pasture. 

On the S.E. side of the Ribble, at higher elevations, alternations of 
hard and soft beds of limestone shale and grit, no longer mask(.'d by driit, 
form marked features along the hillsides. This is especially notable 
under Bendle, where they run ^ ery regularl)-, and the same sort of thing 
may be seen for a long distance to the fS.W. About \\'halley the ridges 
of gritstone ha\'e a very characteristic rounded form, and caimot fail to 
suggest, to the eye experienced in ice-phenomena, a former cxtensiM; 
glaciatiou of this country by ice coming from the N. On the other side 
of tlie valley the features are not so marked, the rocks being contorted 
and irregular, and therefore not so well able to influence the course of 
the furrows made by the " ice-plough," the general result being merely 
a low dome. This is also very much the state of tilings on tlio side of 
the Hodder valley S.E. of Newton. 

The Pendle Ruiujc from INlellor to Roughlee consists of a double 
ridge of gritstones with valleys between them. One ridge is nnidc up of 
the " Rough Rock," and subdivisions of the " Third Giit," the other of 
the Kinder-Scout and Yoredale Grits. The hollow between though con- 
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tinuous is drained by little brooks running to the N.E. and S.W. 
alternately, and is excavated, as might be expected, in a very thick bed 
of soft shale. N. of Colne there is also a small valley between the 
"Rough Eock" and the "Third Grit." From Hogliton Tower to 
Whittle-le-Woods the grits form but one ridge, the Kinder-Scout and 
Yoredale Grits not being brought up to the surface by the anticlinal. 
It ends abruptly in the Lancashire plain at the latter place. — R. H. T. 

The portiou of the district lying oast of Gisburn and north of 
Baruoldswick which is a part of the celebrated Cra\cn pasture ground 
contrasts in a marked manner with the large portion lying to the south 
of it. It is an undulating plain of an average height of from 500 to 
600 feet abo\e the sea, furrowed with many small winding streams, and 
studded with an immense number of low rounded hiUs, which have 
sometimes a marked linear arrangement, and not seldom coalesce to form 
definite ridges. This low ground sends from Baruoldswick a long 
tongue southward to Foulridge. Baruoldswick, Foulridge, Kelbrook, 
Earby, Elslack, and Carlton are all on its outskirts. It reaches at the 
ordnance station east of GiU Church a height of 638 feet, the highest point 
in that neighbourhood. North of Gledstone, however, the ground is still 
higher, and rises to over 700 feet in Cranoe Hill and Marton Scar. The 
lowest ground, the alluvium of the Aire, is a little over 300 feet. Nearly 
the whole of this low ground is made up of the lower Carboniferous 
rocks, ^iz., Carboniferous limestone and shales. The higlier ground to the 
south of this, which is composed of higher Carboniferous grits and shales 
— from the Yoredale Grit up to the Lower Coal Measures — forms a series 
of ridges with intervening valleys, running in the main parallel to the 
general N.E. and S.^^^ strike of the beds. The high ground of Yore- 
dale Grit which rises in Weets to 1,300 feet abo\ c the sea ends off in a 
marked manner near Barnoldswick, but sets in again to the eastward in 
the high ground of Thornton and Elslack moors, which rises to 1,175 
feet at Bleara Lowe, and to 1,274 at the Beacon on Pinnaw. This great 
eastward shift, so to speak, of the high ground corresponds to a great 
fault which runs in a W.N.^^^ direction by Barnoldswick. South of the 
valley of Lothersdale, in which the limestones and shales are brought 
up by an anticlinal, the Yoredale Grit rises to the lici!j;ht of 1,175 feet at 
Kelbrook Wood and Hawshaw Moor. The ridge of Kinder Scout Grit 
rises to 1,018 feet on Blacko Hill, Noyna 9S0, Piked Edge 1,165, Sweet 
Brow, near Cowling, 1,125. The highest point on the 3rd grit ridge is 
about 1,100 feet at Colne Moor. Knoll Hill (3rd grit) is about 825. 
The chief heights attained by the Rough Rock are, Monk Edge 972, 
Scars Top, near Cowloughton Dam, 1,153, Combe Hill 1,357,* Little 
Wolf Stones 1,454, Crow Hill 1,501 ; the last being the greatest height 
it reaches in this district. — W. G. 



CHAPTER II. 
SEDIMENTARY ROCKS BELOW THE COAL-MEASURES. 



The Caeboniferous Limestone. 

The lowest of the rocks which occupy the district described in this 
memoir is the Carboniferous Limestone, and probably it underlies the 
other Carboniferotis Rocks over the whole of the area. It consists of a 
o-reat thickness of beds of limestone with beds of shale, the limestone 
predominating. Its base is nowhere seen on the S.W. side of the 
Craven Faults until we get so far north as Kirkby Lonsdale, but on 

* Wrongly given as 1,557 on the 1-inch map. 
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the upcast side we see it reposing on Silurian Rocks in the valley of 
the Eibble north of Settle, near JMalham Tarn, in brooks above Ingle- 
ton, and in other places, a description of which will bo given in another 
memoir. 

Its greatest apparent thickness in this district is obtained from a 
section taken from the axis of the Clitheroe anticlinal arch at a point 
south-we^t of Gisburn, towards Park House in a north-north-westerly 
direction, and is at a low estimate 3,250 feet. These are only the lowest 
beds visible, and so we must add an unknown c[uantity to take us to the 
actual base. Another section without a base, from the axis across the 
southern side of the arch through Chatburn to Worsaw, gives a thick- 
ness of 2,600 feet, and here dips are very abundant, and there seems 
little likelihood of faults repeating the beds. 

The line which we have taken as its upper limit may only at best be 
consideied an artificial boundary. It represents the horizon above 
which shales predominate over limestone, and below which the lime- 
stones preponderate along the Clitheroe anticlinal, and the line is in 
this valley doubtless a true geological horizon. It would be rash, how- 
ever, to assert its identity with the line .which we have taken as the 
boundary in the parallel valley of Slaidburn. It is very likely that the 
top of the thick limestones there is higher in the series, i.e. that some 
of the calcareous shales near Clitheroe above the limestone have become 
more calcareous and less argillaceous further north, the currents which 
brought the mud having been more prevalent to the south, a supposi- 
tion rendered more likely by the fact of the total thickness of the 
limestone at Ingleborough being only 600 feet, and containing no 
shales.* 

In the west of this district we get tlie limestone at Withgill, where it 
rises in a small boss, with a cpiaqua-versal dip from beneath the o\ei'- 
lying sliales. It appears to be bounded by a fault, however, on the 
north side. The limestone is greyish white and full of fossils, which 
may be easily extracted. One of the commonest is Conocardiinn. On 
the west side of the old quarry ma)' be seen a mineral vein containing 
fine cubical crystals of fluor spar, which is not a common mineral in 
this area. 

We next come to the main mass of the limestone at Clitheroe, its 
west-south-westerly extension being cut off by a large fault which 
crosses the Ribble below ^'\'addow Hall, and tlu-ows down the Permian 
Sandstone resting on Yoredale shales and limestones, against some beds 
much lower in the series. The Carboniferous limestone of the Cli- 
theroe anticlinal is concealed or very obscure all along its northern 
border, and the many folds into which it has been thrown, an instance of 
which, with a fault, is given in Fig. 1 (p. 15), have rendered its bound- 
aries difficult to map with accuracy. On the southern side of the arch, 
howe^'el■, we have a succession of very good rock exposures, which 
aiford facilities for its study. It contains two very distinct members. 
The lower consists of ^'e^y black and pure bituminous limestone, and 
sometimes contains beds of black calcareous shale. It is almost always 
very distinctly and evenly bedded, and forms in its range a very straight 
and very well-marked ridge, which commences at Horrocksford 
Quarries and continues in an east-north-easterly direction by Ridding 

* Indeed it is highly prohable that the main mass of the Umestoue in the Pendle 
country, together with the Shales-wilh-Limestones -wliich lie above it, and the Pendleside 
limestone, are all represented in point of time by the comparatively pm-e limestone of 
the " Great Scar " of Penyghent and Ingleborough. There are several reasons for sup- 
posing this to be the case. I merely throw this out as a sugfjtc^tiuu, and must 
reserve for a future memoir on the Craiun country a more definite opinion. 
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Hoy and Bold Venture Limeworks, and then along the north side of 
Downham Hall Demesne and Twiston Lane tu the old lead mines of 



Quarri/ near the Road between Sawleij Bridge and Grindleton. 

Skelhorn or Skeleron. Beyond these it is terminated by a fault bring- 
ing down the Yoredale shales. The most numerous set of joints in it 
ranges from N. 30 W. to N. 10 W. 

Immediately above the Black Limestone is a band of shales containing 
fossils, of which Fenestellte are the most abundant. It was well seen at 
the front of a quarry on the north side of Twiston Lane, a short distance 
from Downham ; crinoid heads could also be obtained there in good pre- 
servation. The shales at Knunk Knowles by the road cutting going 
down to Brungerley Bridge, near Clitheroe, are probably the same. 

These shales underlie the upper light-coloured limestone of Coplow, 
Salt Hill, Worsaw Hill, Twiston Quarry, &c. It is very massive and 
never shows such distinct bedding as the Black Limestone. It is sin- 
gular also that although resting on the latter, which has so regular a 
strike, its own surface presents a most tortuous boundary. This, no 
doubt, is to a certain extent due to the crumpling of the beds by lateral 
pressure; but I cannot help thinking that the apparent sudden changes 
in thickness are not altogether to be referred to this, nor to the accidents 
of original deposition, but in some measure to the unequal erosion of 
the beds by rainwater percolating the mass underground, the original 
crumpling of the beds determining the greatest flow of the water and 
the areas of subsidence. A good example of this subsidence of beds 
may be seen on the top of Farleton Fell in Westmoreland. 

The Upper Limestone presents a curious appearance at Salt Hill. 
The highest, 40 feet, consist almost entirely of the remains of Crinoidea. 
It is, however, too friable to be utilized as an ornamental marble in the 
way that similar deposits in Derbyshire and at Dent have Ijeen, but it 
occupies the humbler position of garden gravel. This thick deposit of 
encrinites seems to be only local, for, although we get the same or a 
similar bed at Whitewell to the north-west, nothing resembling it 
occurs about Worsaw on the same horizon. The commonest species is 
Actinocrinus triaconta-dacli/Ips. 

The lowest beds of the light-coloured limestone are of a light bluish 
grey colour, massive, hard, and somewhat nodular. They may be well 
studied at Coplow Quarries near Clitheroe, where they contain a bed of 
light sea-green clay with many fossils. The limestone there is remark- 
able for the abundance of a fossil, Amplexus coralloides, and also for 
the occurrence of Falcechinus multipora, as I am informed by my 
friend, Mr. James Eccles, F.G.S. 
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The limestones of the Forest of Pendle, both black and white, are of 
great importance as supplying lime to a wide extent of country, and for 
this purpose arc extensively worked, the railways direct from the 
quarries affording great facihties of transport. " The Limes of Clitheroe 
" are all excellent in quality compared with such as are to be found in 
" other quarters."* I have been favoured by Mr. Dixon Robinson with 
a copy of an anahsis, made by ]Mr. John Just, of the limes burnt in the 
Bold Venture Limeworks at Chatburn. The average of six specimens 
gives as the per-centage of — 

Carbonate of lime I'8 ' 7- 

Silica - - '55 

Protoxide of iron ' 34 

Residue- - -39 

100-00 

This indicates a very high degree of purit)-. The lime fi-ora the 
Black Limestone is preferred in all cases where whiteness is an object, 
the bituminous matter which gives the colour being all expelled in the 
burning. 

To the east of the fault above mentioned the limeslono and overlying 
shales are in great confusion, the beds being much faulted and contorted, 
and a spread of drift making them more difficult to trace ; the range 
gi\x-n til them on the map, liowever, is probably the nearest possible 
approximation to the truth. 

The great mass of limestone on which Gisburn stands shows itself 
well in Wybersey Hill in Bolton Park. Thence the lop boundary runs 
along in an east-north-easterly direction on the right bank of the river 
for the most part under diil't, but exhibiting sections in several tributary 
brooks. It crosses tlie river at the north end of Kirk Wife Wood near 
Gisburn Park, and then appears to be thrown forwards by a north- 
westerly fault to the north ^ide of the river again by Paythorne, and 
remains on this side to a short distance north of Nappa, Avhence 
it curxcs round with a nurllierly dip to join the south side of the 
anticlinal. 

The south side of the limestone at this portion of the anticlinal 
appears to be a fault boundary, for we only find the beds beginning to 
turn over along a line a little north of Great IJudland and Eel Beck, 
and this is close to where the main mass of the shales comes on. The 
boundary moreover is in the direction of the great Barnoldswick fault. 
The legitimate inference is that it is continued along tliis line, a sup- 
position whicdi is strengthened by the great contortions shown in the 
beds to the south of this line. 

T/ir S/iulfs-wi//i-Lhiics/<i/ies. — The next beds above in order occupy 
the greater portion of the low countr}- and rise up gradually on all sides 
of the valleys to where the hills begin to give a more decidedly steep 
feature. They consist of alternations of shales various in character with 
beds of limestone, cementstone, mudstone, and sometimes, thin ironstone. 
They frequently give rise to springs containing sulphuretted hydroo-en 
gas. One with a bath-house attached occurs (dose to Clitheroe, near 
the Shaw Bridge Road. There is another in Standen Brook, not far 
from the footbridge ; others occur south of Worsaw, in Twiston Brook, 
south-east of Ravensholme ; and in Ilolden Brook, under the work- 
house. In the bed of the Iloddcr, north of Longridge Fell, they are 

* Vide " A Lecture on the Value and Properties of Lime for Agricultural Fur- 
poses," delivered to the Bury Agricultural Society, by John Just, Esquire. 1850. 
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very numerous, "iving unniistakeable eviilencc of their presence liy their 
smell when the water is low. 

The shales at the base of this division consist of a thick series of 
layers of hard and sandy and argillaceous inud, often micaceous, with 
some thin limestones, and frequently good fossils may be obtained both 
in the shales and limestones. These may be well seen and searched in 
several places, but I may mention the Peudle branch of Worston Brook 
bv the lane cast of ^\'orston, and the brook running from Lower Gills 
into Ings Beck, the county boundary near Skeleron Mine-;. On the 
north side of the anticlinal, they may be well seen in the Eibble beneath 
the circular earthwork of Castle HaughnearGi'^burn. In the Slaidburu 
valley they are exposed in Hamerton Brook, not very far from its 
junction with the Hodder. 

Higher up in the series these .'ihales everywhere become more cal- 
careous, limestones abounding, though not often of very good quality. 
Some contain a great admixture of clay and graduate off into mudstones ; 
others have a large proportion of iron and some magnes'ia, and form a 
kind of cemeutstone ; but whether they would be serviceable for cement 
it is impossible to say without analysis being made, or their being sub- 
mitted to experiment. In the upper part of these Shales- with-Limestones 
the beds arc in very regular alternations, the limestones being one to 
three feet thick, and separated from each other by about six feet of 
clayey shale, in brooks forming a succession of of pretty little waterfalls, 
as in' one aljove Angram Green near Worston. The Shales-with-Lime- 
stones between Wor.-,aw and the bawo of the Pendleside Limestone give a 
thickness of 2,500 feet. As a group they should be reckoned to extend 
higher, i.e., to the base of the Lower Yoredale Grit, or if that is absent, 
to the horizon at which it occurs when present, viz., the base of 
the Black Bowland Shales. This would give under Pendle an additional 
thickness of 72.5 feet, making a total thickness of 3,225 feet. 

The Pendleside Limestotie. 
In all parts of this series there is a tendency towards thick and mode- 
rately pure limestone coming on, but fur this the most marked horizon 
is near the top and below the Lower Yoredale Grit. It is this which 
forms what may be called the buttresses of the north-westerly slope of 
Pendle Hill, and from its great developement there I have ventured 
to call it thi- Pendleside Limestone. It may be well seen in any of the 
doughs which there descend into the comparative plain, but perhaps the 
best%ection of it is in that which runs down past Little Meai-ly Hal!. 
A portion of that section in descending order is as follows : — 
Black and dark-grey ciystalline limestone, containing black 
chert bands, with beds of black shale and occasional cement 
stones, the limestone weathering into anvil forms ■ 
Compact light-brown crystalline limestones quarried for hme 

■svith a thin bed of calcareous shale - - 30 feet. 

(u,-. - - . . 30 feet. 

1 " -11. 

A scar of compact light-brown crystalline limestone, with here 

and there bands of white chert ; once quarried for lime ; 
in general appearance much like the scar hmestone ; fracture 
ii-regular; contains fossils which weather out on exposed 
surfaces ; near the top of it a thin bed of fine sea-^reen clay 
Cementstone and black shale with cherty black limestone 
Yellowish-t^rey cementstones with hands of colour shown on a 
fresh surface interbedded with soft light grey muddy shales 
containing fossils. 
Here it shows a thickness, with interbedded shales, of some 350 feet, 
may be 'traced in its south-westerly range for some distance by Knowl 

30514. ^ 
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Top, and across tlie brook above Pendleton Hall, and some distance 
above Pendleton. It probably crosses tlic lane betv^een Wiswell and 
Pendleton below the Audley Reservoir, and Ciuickly dying away to 
smaller dimensions is lost under the drift to the north-west of that road. 
To the north-cast of Little Mcarly Hall Clough its maintains its character 
and thickness for some distance, presenting in the clough above Hook 
Cliff the following section : — 

Dark-hard crystalline limestone with regular beds of chert. 

Light-brown cream-coloured limestones with a little chert. 

Dark hard finely-crystalline limestone with regular bands of chert. 

Impure thick bedded limestone. 

Clayey shales with cement-stones containing goniatites. 

From this point it appears to dwindle towards the north-east. It is 
crossed by a fault (downthrow to the south-west) west of Ravens- 
holme, where it has been nuicli c[uarried and seems very bituminous in 
character, and by another with a similar downthrow at Brownlow. It 
is much thinner in Pendle Hill Brook, where it gives rise to a sulphur 
spring. From this point eastwards it cannot be so easily traced, and 
although limestones frequently come on somewhere along this horizon 
they cannot with certainty be identified with it. 

West of Wiswell nothing at all answering to it is to be found until 
we come to a set of beds of somewhat similar character, and at about 
the same horizon along the northern escarpment of Longridge Fell, 
there too forming the lower buttress to the higher scarp of the Upper 
Yoredale C4rit, as in Pendle Hill, but less marked. 

Around the sides of the moorland which comprises the Fells of 
Waddington, Easington, Grindleton, and Bradford, Limestones are 
frequently to be seen underlying the Black Shales on which rest the 
Upper Yoredale Grit. The Lower Yoredale Grit being absent over a 
good part of this district these limestones lie on very much about the 
same horizon as the Pendleside Limestone ; but owing to the great con- 
tortions to which they have been subjected, an instance of which is here 
given (Fii;'. 2), and the thick drift which conceals them in many places, 

/■■/>/. 2. 




Contortion in ll'cst C/oiu///, West Bradford, in Slialvs and 
Limestones. 

it has not been found practicable to map them, and they have been 
massed with the Shales-and-Limestones. 
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Thus beds of massive brown limestone occur at New-a' Nook west- 
south-west of the Moorcock Inn on Waddington Fell, and have been 
quarried of late years for mending the road which runs from Wadding- 
ton to Newton. They may be ti'acod some distance to the west Ijy the 
lineof pot-holes. They may be seen in West Bradford Brook a quarter of 
a mile below Hanson's, and come on in force below Steelands, forming an 
anticlinal in Grindleton Brook, and are jH-obably the same limestones 
which run through that village. They are ngain seen in Holden Clouu:li 
above the house, where they are dipping to the north-west and are 
again brought up " to the day " above the Victoria Lead-mine by a fault 
which crosses the brook at the waterfall and runs in a S.S.Ely, direction, 
the lead veins being nearly parallel to it. These have only been hitherto 
worked in very much thinner limestones which are higher in the series 
and are brought against the thick limestones by the fault. 

On the north-we'<t side of tliis moorland we come to the curious 
little patch of limestone which protrudes from beneath shales at 
Ashnot. Tt I'cars a stronger resemblance to the Great Scar Limestone 
than any other beds which I know in a like position. It is a good cream- 
coloured limestone, mnssive with scarcely any A'isible bedding, and in 
places is quite white and soft, almost resembling chalk. There ai-o 
signs of disturbances in the neighbourhood, but hardly I think suiii- 
cient to lead one to suppose it to be a part of the main body of lime- 
stone thrust up from below. It is more probable that it is a portion of 
the same beds that we have ]>een endeavouring to trace. Lead has been 
worked in it some years ago and a level driven up from the brook. 
The lead I believe was found chiefl}- in '■ nests " and " pipes," but a thin 
vein is visible in the face of the rock with a S.Ely, direction. To the 
north-east of this these Limestones do not make any feature for some 
distance, although other Limestones of lower horizon may be seen in the 
brooks ; but thej' come on again below (he Lower Yoredale Grit of 
Champion, and also along the north-west side of the Slaidburn anticlinal. 
These localities, however, lie in a district assigned to a future memoir. 

In the Little Mearley Hall section and other sections adjoining a 
considerable thickness of beds with shale predominating lies over the 
Pendleside Limestone and below the Lower Yoredale Grit. 'Ihey 
contain impure laminated ironstones and thin beds of Limestone. Also 
.:i bed of nodular calcareous ironstones occurs here, ■\\'hich may be seen in 
several of the brook-sections. It is remarkable for a somewhat un- 
common result of weathering, the surfaces exposed being pitted with 
little hollows in the form of inverted cones in concentric groups, several 
being arranged about the same axis, as shown here in section and plan. 




The Limestones though thin are tolerably pure, and one appears to 
contain many fragments of Crustacea. These Limestones answer in 
horizon and appearance to the two beds of Limestone which form the 
bearing beds in the Victoria Lead-mine at Ilolden Clough. This set of 
beds may be i-egarded as a transition from the deep water and quiet 
sea represented by the organic deposits which formed Limestone to the 
shallower and less pure water which brought the mechanical impurities 
of the Lower Yoredale Grit. Indeed the existence of plant remains in 
several places in these beds in greater abundance than below prepares 
us for a change, and spenks of currents from the land, though that 
may have been and probably was far distant. 

b2 
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Tlie Loiver Yoredale Grit. 

The Lower Yoredale Grit is of all recognisable beds in this district 
the most inconstant in its extent although very constant in its horizon ; 
i 0. tliough frequently absent altogether, wherever it does occur, it lies at 
the base of the blnck Bowland Shales and above all the thick Limestones, 
forming a niarkcd boundary between them. It consists of grits and 
sandstones with shales and ironstones interbedded; and very rarely has 
in it beds of conglomerate. In general character the beds of sandstone 
which predominate are very fine and iiard, and sometimes might almost 
be called tquiirtzifes. In appearance they are often not unlike the 
Gannister liock of the Lower Goal-Measures, though nut containing the 
root beds of that rock ; plant remains, however, are of common occurrence 
in them. On Pendlo they consist of two principal sets of beds of sand- 
stones and grits with shales between, but sometimes a triple arrange- 
ment occurs. Tlieir topmost bed in Little Mearley Hall Clough is a 
well-marked conglomerate, bnt this character has not been noticed to 
persist either to the north-east or south-west. The fine beds of this 
subdix'ision from their closeness of grain and hard texture stand the 
weather remarkably well, and being of a character peculiarly well 
adapted for receiving and I'etaining marks upon tlieir surface, the ice 
scratches which are abundant over this country are particularly well 
shov,'u on these rocks. Indeed wherever Boulder clay rests on this rock 
you arc pretty sure to find a glaciated surface at the line of junction, 
and usually ice-scratches, showing very plainly tiie line of direction of 
the ice-current at that particular point. The quarter from whence the 
ice came is not. always so apparent on the ground ; it is only when we 
areumulate observations of these scratches on the map that we see 
whence and wljither the ice seems to have flowed. 

I may mention as an instance of tlie hardness of these beds a fact kindly 
communicated to me by Mr. Ralph Assheton, of Downham Hall, iSLP., 
that some person employed by an r ncestor of his to bore for coal near 
Alders Clough, v/hich runs down from the "big end" of Pendle, during 
some part of their operations could only sink the bore one inch per 
diem.— K. H. T. 

The Lower Yoredale Grit immediately west of the Great Barnoldwiek 
Fault seems to be composed of two b.ands of fine grit with a thick band 
of shale between. 

Feet. 
Upper Grit, brown and grey, about - - 250 

Shale - - 201) 

LoH-er Grit, white, quartzose ... 300 

This is from a section near Weets. 

The middle shale, however, is little seen. Tlie whole seems to be 
thinning eastvvards, so that near the Barnoldswick Fault the whole 
thickness is probably not 600 feet. 

The lower fine white grit may be seen in numerous quan-ies between 
Crag and Coal Pit Lane, and also east of Coverdale Clough, where the 
junction with the underlying shale may be seen. A hollow marks for 
a considerable distance the middle shales, and the upper band of grit is 
marked by a distinct ridge as far as * New Field Edge, where it beo-ins 
to be covered up by drift. The beds near Springs have some of them 
a dark grey colour. Near the great fault they are much disturbed, beiu"- 



* There ar« no less than six detached houses called New Field Edge in this nei<rli- 
boiu'hcod. 
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in one place vertical. Tlie Ikult fvossiiij; ilie grit near Coiil Pit Luno is 
inferred from the shifting of the two ridges of grit. It throws down 
on the S.W.— W. G. 

The Botoland Shales. 

Of all the rocks in the Forest of IVndle, the Forc-t of JSowlaud, and 
adjoining country, perliaps none plays so important a part in giving 
character to the scenery as the Black Shales -which lie between the 
Lower and Upper Yoredale Grits. They have been named by Profcssdr 
Phillips the Bowland Shales, and most .ipproprintcly, for nearly all the 
steep slopes of the fell-sides in Bowland are due to tlicir di^i^te<i■|■a(ion. 

They are usually black but sometimes grey, and in some places arc 
colonred yellow by u thin wash of hydrated oxide of iron, bnt this only 
permeates the joints and fissures and does not extend to their substance, 
being an accident of infiltration or oxidation and not of original deposi- 
tion. They are thinly laminated and easily split, almost always cal- 
careous, very seldom sandy. In some localities Ihcy smell strongly of 
mineral oil and appear very bituminous. They are full of fossils whicli 
are much crush.od or flattened and seldom in good preservation. In the 
thin ironstones which are common in them good specimens, liowe\ei', 
may frequently be obtained. ]]y far the commonest fossil is Posido- 
nomya Gibsoni. Orthoceratites, Goniatites, and fish remains are very 
frequent in them ; the last are usually very fragmentary. Some nodules 
somewhat resembling Coprolites * occur in Riddle Clough near 
Knowlmere Manor. The fish remains may be found dispersed through- 
out, but a notable horizon for them lies a short distance below the 
Upper Yoredale Grit. Vegetable remains may frequently be seen. 

A TVarniiig to Coal-scckers.- — It is a most unfortunate thing for the 
landowners of the county in which these shales occur that they bear 
a strong resemblance to some of the shales of the produclixe Co:d 
ilexisiires. Their blackness, the general resemblance of their fos^ils, 
their beds of ironstone, their " Canker," or chalybeate, water, to which 
we may add the rude resemblance of the hard fine sandstones below 
them to the Gannister Rock, all serve to excite hopes ; and when an 
ignorant miner or "practical man" comes over from a neighbouring 
coal-field and expresses his conviction, perhaps lionestly enough, Ihnt 
there is coal to be had if they go deep enough, the delusion is perfecl. 

Boring commences and is continued or a shaft is sunk until either 
limestone is reached or the employer is disheartened. It would be 
thought that the evil would stop here, and that one or two such trials 
in a district would be sufficient to prevent a repetition of such failures ; 
but it takes a good deal to make a man despair of his countiy, and 
soon some patriotic inhabitant suggests that the miners were bribed or 
bought off by the propi'ietors of the nearest colliery. This quickly 
gains credence, and before many years are out the inhabitants are all 
ago"' for a fresh attempt. Another frequent excuse for a failure is that 
" they were drowned out." Here is a characteristic story of this sort : — 
Near Baygate above Holden Clough some years ago a trial was made by 
means of a shaft. On making inquiries subsequently I was told by one 
man that just as they were getting near the coal they were drowned out 
by the water. Another man stated more boldly that they had reached a 
bed of good coal 4 feet thick when the water came in so quickly that they 
left behind them their picks and .shovels and barrows, " and," he added, 

* Sly attention ^\as called to these by Mr. Jonathan Feel of Knowlmere Jlauor, to 
whom I am indebted for other information. 
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with a truly artistic touch, " they lie there yet." The statement so far 
as regards the tools I cannot deny ; all tiaces of the existence of the 
shaft having vanished, but the 4-fcet coal I can certainly affirm has no 
existence, for Holden Clough close by gives a very clear section of the 
beds which would be passed through by the shaft, and no coal bed is to 
be seen. 

These stories are so rife wherever unsuccessful trials ha\'e been made, 
that in those who are frequently meeting with them they will only 
provoke a smile, but to the unwary they may prove a serious matter. I 
ha-\e therefore thought it better to call attention to them ; to be fore- 
warned is to be forearmed. 

It is lamentable to see the numerous remains of shafts all along the 
basin of the Ribble and Hodder wherever black shale occurs. For 
mining " practical knowledge " of coal mines is a good thing ; but unless 
backed by an acquaintance with the strncture of the country, the suc- 
cession of the rocks, and the former range of each coal bed, it is worse 
than useless for the discovery of new coalfields. 

On the north-west face of Pendle these shales exhibit a thickness of 
about 700 feet. On the opposite side of the anticlinal, Inetween Higher 
Heights near Holden and Beacon Hill, they are lying at about 10° and 
give a thickness of 600 feet.— E. H. T. 

A carefully measured section shows these shales to be about 1,000 feet 
thick near Weets, and gooil sections are to be seen in most of the little 
streams about tliere. The shales are very dark towards the top and 
contain one or two bauds of dark impure shaly limestone. One of these 
bands has been worked at the quarry marked on the 1-inch map about 
400 yards S.E. of ('old Weather Ildiisc 

North-east of "\^'eets we Ket the I'oUowin" series in descending order : — 



About 
1,000 <j 
feet. 



Upper Yoredale Grit. 

Black shales. 

Black shales with dark shaly limestones. 

Dark shales. 

Shales with compact earthy hmestones. 

Shales with sandstones. 

Shales with limestones. 

Lower Yoredale Grit. 



The limestones in the lower ])art of the shales are more compact and 
several thin bands are seen. Some thin sandstones occur in the shales 
a considerable distance above the top of the Lower Yoredale Grit. 
Between New Field Edge and Edge, and again near Springs, where the 
junction of these beds with the underlying Lower Yoredale ( irit is 
observed, a limestone is seen at or near the base of the shales. 

The average dip near W'eets is 20° to 30 , but it increases eastwards, 
being from 40° to 50° near Springs. The average direction is south- 
east.— W. G. 

Uppcv Yore/I ale Grit. 

The black shales Avhieh ^ve have been describing are very seldom 
sandy, but on the contraiy usmilly contain fossils, and have a tendency 
occasionally to run iido black limestones. Above these, however, are 
shales of a sandy nature, and grits which contain uo fossils, except of 
plants. When we trace any of the'se sau<ly shales for any distance, we 
iiud that tliey invariably show a tendency to turn into sandstones, and 
leciproeally the sandstones rre(piently turn to sandy shales. A\'e have 
therefore found it often nece'ssary, in mapping, to draw the boundary 
between calcareous shale and sandy shale, to preserve anything like a 
true geological horizon, the one being more ucarly related in litholoylcal 
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charactiT and the conditions of its foiniation to limcslonc, the otlier to 
grit. When we speak of the ''Upper Yoredale (iiit," then, wo include 
the beds of sandy shale which ai'e intercalated with it and are often of 
considerable thickness, but which so frequently change to grit and back 
again to shale, that any attempt to separate them by surface features or 
lithological character would be useless, and, without clearer and more 
continuous sections, give rise to serious errors in estimating thicknesses, 
horizpns, &c. 

The beds which crown the summit of Pendle and form the crest of 
Longi-idge Fell, and also constitute the greater part of the Fells around 
the Eibble and Hodder basins, were long accepted as the lowest beds of 
the INIillstone Grit series, having been so called by Professor Phillips. 
It may seem presumptuous to disregard the nomenclature of so high an 
authority, but it has been found, in tracing the geology from the south, 
that these beds are the equivalents of others which have been known in 
the Survey publications as the " Yoredale Grit," and therefore, for the 
sake of uniformity, this name has lieen retained, only adding to it 
" Upper "' to distinguish it from the Lower Yoredale Grit, which is 
probably (as pointed out by Mr. A. H. Green), but not undoubtedly, the 
equivalent of the " Yoredale Sandstones " of !North Derbyshire.* 

The grit at the top of Pendle is represented in Phillips' Geology 
of Y^'orkshire, both in the map and letterpress, as an outUer ; this, 
however, it is not, as may be seen when descending from the 
plateau of Pendle in a southerly direction, by Ogden Clough or the 
tributary brooks which run into it from the hill top. The black 
Bowland Shales, which underlie the grit summit, may be traced clearly 
round from the " Big End " to a farm called Buttock, beneath the grit 
the whole wa}', and from Buttock to Barley they arc dipping under it 
to the south at angles of from 27° to 35°. The same arrangement of 
these beds continues along the strike from Barley n\) to Weethoad Height 
and further, and these shales never come up again between this and the 
coalfield. The black fossiliferous shales which are seen here and there 
in the Sabden Valley are not the same, for they are seen to lie above the 
Kinder Scout Grit in several places, and that in turn lies over the 
Pendle Grit, so that they belong to a much higher horizon although in 
lithological character they are ideutical.f 

The Upper Yoredale Grit is somewhat variable in texture, showing 
every gradation from a close fine grit to a conglomerate, this latter form 
being only exceptional. Most commonly it is a moderately fine free- 
stone, sometimes grey pink or greenish, but usually white or rusty yellow. 
It contains plates of mica and often much felspar, which is pink, white, 
or yellow. Brown or yellow bands of irregular form, but generally 
arranged more or less in relation to its bedding and joints, are usually 
seen in section in a broken block. This is due to iron, and large ovoid 
concretions of the same chai-acter, which are harder than the surrounding 
matrix and fall out in quarrying, are very common in it. Examples of 
them may be well seen in the quarries on the south side of Nick of 
Pendle, and in a quarry on the left of the road from Bonny Inn to 
Ribchester (1-inch map 91 S.E.) These concretions often 2 to 4 feet 
in diameter do not, so far as I am aware, commonly occur in this 
district in any other gi-it but the Upper Yoredale Grit. Conglomerates, 
when they occur in these beds, generally differ from those of the over- 

* See Geology of North Uerbjsliire, &c. (Memoirs of the Geological Survey), 
p, 164. 

t See a similar remark by Mr. Guun as to the shales ia the Foulridge Timncl; 
p. 37, 
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lying Kinder Scout Grit ia not having sucli large pebljles, and still more 
in the pebbles being scattered through a less coarse matrix thau is the 
case with that grit ; but this is a, distinction which is probabl}- only of 
local value and cannot be exiiecled to hold good for any distance. 
— R.H. T. 

The most westerly point along the Clitheroe anticlinal, where the 
Upper Yoredale Gi'it may lii' seen, is a lillli- east of Salmesbury Hall, 
near Mellor, where it is rather coarse grained and massive. The dip is 

here from S.W. to S. at .5". 
At Mellor Brook the position 
of the anticlinal may Ijc xevy 
well determined along the banks 
of the brook itsidf. At the 
quarry by Kesburn Fold tlic dip 
is soutli, whilt.' at the village it 
is noitli. The Yoredale Grit is 
again shown in the quarry at 
Lower Abbott Ilnu.-e dipping- 
northward at 20°. The s^■|n- 
metry of the arch is here inter- 
rupted by the presence of ;i 
fault which o(/euiiies the place 
of the anticlinal axis. Sections 
are again shown in a quarry at 
Plar-ivood Fold ; at Jlellor be- 
low tlie camp; at i\Ioor Edge; 
and in tlic cuttings of the rail- 
way noitli of Kibchester station. 
Here the beds are repeated l_iy 
a fault ranging ea>t and \ve.-l, a 
few }ards from the southern end 
of tliC tunnel. The beds are 
here -violently contorted, and as 
it seems to me pusheil over 
laterally on each other. Tlie 
rock ilself is, however, irre- 
gularly bedded, and some of 
the apparent foldings may lie 
owing to this. ^Vt the mouth 
of the tunnel the dip is from 
the fault nortli\vai-il, but at the 
opposite entrance llie dip of 
the underlying- shales is in n 
soutlierly direetion, so we must 
suppose fluil the grit returns to 
the soutlierly dip and crops out 
in the tunnel. The section in 
the cutting at the north entrance 
to the tunnel is interestiug. 
The beds consist of dark shales 
wifli bands of siliceous ironstone and fine grit in tin- upper part, and 
argillaceou^ limestone in the lower. They form a complete arch, and 
indicate the position of the axis oi' the Clitheroe anticlinal. We -weic 
unaljle to find any fossils at this spot. — E. H. 

From tliis place the Upper Yoredale Grit runs along the north side of 
BiUinglon iMoor )i_y HoUiu Hall to ^^ll;\lley. lis lower boundary is well 
seen, and the underlying black shales w-itb ironstones arc exposed inmost 
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of the litllo watercourses which run down the slccii hill sidrs. U'ho 
general dip of the black shale;?, Upper Yovediile Grit, and Kinder Grit is 
high to the S.E., varying from 40° to 65° or 70", and increusiny- towards 
the coalfield. It is interesting to note the incr(>asing thickness and 
importance of the Upper Yoredale Grit (o the north-easl. AVost of the 
Cakler it forms, relatixely to the Kinder Scout Grit, qui(e a secondary 
ieature, the latter overtopping it all along the strike. In th(^ neighbour- 
hood of Whalley it becomes much thicker wry cjuickly. At C'leik Hid 
the two grits form about equal features, but east of this the Upper 
Yoredale (irit asserts itself and taking possession of the ridge top 
retains and increases its superiority, which culminates in Pendle End 
at a height of 1,831 feet above the sea. Its inferior rival, the Kinder 
Scout Grit, from Clerk Hill to theN.E. only forms a subordinate feature, 
and flanks the north side of the Sabden Vallej', attaining its highest 
elevation in this neighbourhood on Spence Moor, where the Ordnance 
cairn built upon it lies at a height of 1,498 feel. 

A fault crosses the Pendle range near Sabden, runnin": from near tlie 
Audley Keservoir to the E.S.E. by Parsley * Barn to ITeyhouses, throw- 
ing down the Upper Yoredale and Kinder Grits to the south. A lead 
vein rans parallel to it at the top of the ridge and has been worked. This 
fault is pretty clear upon the gi'ound from the intcrrnption in the grit 
ridges, and also from opposing dips in the road I-IS.E. of the barn. Tlie 
same cannot be said of the very intricate piece of ground near Deerstones 
north of Sabden, which has not only been subjected to great displaee- 
ments of the solid crust, but also suffers from frequent landships, which 
obscure tlie few sections which might give a clue to its interpretation. 

'^ JRendlc's brasted hissc/" is a not uncommon announcement in the 
neighbourhood of Clitheroe, and as the phenomenon to which this term is 
applied appears to be regarded with a good deal of mystery, f 1 will 
state what I believe to be the cause of its occurrence. During heavy 
and long-continued rain it sometimes happens that a considerable body 
of water bursts out of the north side of the hill near the top of the 
escarpment, and carrying with it a debris of shale, Idoeks of grit, soils 
of grass, &c., rushes down the hillside and does great havoc in the 
enclosed lands immediately below. I saw the eft'octs of one of these 
bursts soon after it had occurred in 1868, and was much astonished at 
the force displayed by it. The short-lived torrent had left most unmis- 
takeable traces of its descent, having bared the hillside of grass and 
soil, and also cut into the shale. Lower down it had destroyed a wall 
and ajiedge, and on arriving at a more gentle slope of ground deposited 
its spoils upon the meadow land. These bursts always occur at llie 
junction of the grit and shale, and only, as stated above, in very wet 
weather. The grit, besides being itself porous, is full of joints aud 
fissures, which readily receive the water which falls upon the surface 
and transmit it to the lowest level. It is, however, stopped, as shown 
in the diagram (Fig. 5, p. 26) by the shale along the line^ A C. It is 
conceivable that more rain may be falling on the grit than it can con\ey 
away along the dip of the beds towards the south. Under these circum- 
stances the water will accumulate in the fissures until it rises to A, the 
highest point of the shale, when it may be compared to the water in a re- 
servoir overflowing its banks. The top of the shale dam at A is thin and 
easily displaced, and so soon as the water begins to overflow it will readily 



" A corruption of Paslieu, the name of an Abbot of Whalley who built it. Sec 
Whitalcer's " History of Whalley." ... 

+ See " The Lancashire Witches," by Harrison Amsworth. 
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yield and break away, and thus a. considerable area of the waterlogged 
portion, shown by the thick lines in the engraving, will be drained in a 



South. 



Fig. 5. 



North. 




Diagram to illiislrate a " Burst " on Pendle. 

short time. I may mention that it is currently reported that Brast 
Clough, on the north-west side of Pendle, was hollowed out in this 
manner in a siogle night ; but as this is a clough of considerable 
dimensions, and the lower part is excavated in solid limestone, my own 
opinion is that not even the Eibble itself, if it could be turned over the 
top of Pendle in flood-time, would effect so great a work in so short a 
time. 

Form of Pendle on the Map. — The great expanse of Upper Yoredale 
Grit which lies north-north-west of Sabden and forms the plateau of 
Pendle Hill appears on the map to form an excepiional arrangement in 
the long straight range of the Pendle chain. Its extent to the north is 
]3robably due to the comparatively low angle Avliich these beds assume 
north of Spence Moor. Although they dip beneath the Kinder Grit at 
considerable angles, they quickly change to a low dip at a short distance 
from that grit, and on the highest part of Pendle they are nearly flat (see 
Horizontal Sections of the Geological Survey, Sheet 85, No. 2) ; but still 
further north they must have risen at one time much higher, judging 
by the dip of the beds below. Denuding forces, ^^•hethe^ subaerial or 
marine, seem to have reduced all the carboniferous country from here 
to Lancaster * to a general level so far as its hill-tops are concerned. 
Supposing, for the sake of argument, that this was a plain of marine 
denudation, out of which the valleys were afterwards excavated along 
the sti'ike of the softer materials l)y subaerial denudation (and this 
theory appears to coincide with all observed factsf ), we may conclude 
that the northerly expanse of the grit here is owing to its low angle, and 
consequent low elevation, having sunk it below the influence of that 
early pre-Permian sen. On the subsequent emergence of the whole 
district this capping sci'\ed as a shield protecting the soft materials 
below it from the corrosion of rain and rivers, whilst the adjacent soft 
jjarts, from which the shield, owing to its greater elevation, had been 
removed by the sea, crumbled a-way beneath their destructive influences, 
and formed, as now, lo^\'er ground. 

The course of the Upper Yoredale Grit from Pendle eastwards is as 
already described (p. 23) up to Weethead Height. Here it is thrown 



' And probahly furtbcr to the north east and Kotith. 

■j- I do not mean to imply that the removal of the great mass of the Carboniferous 
Jtocks in this district previous to the Permian period was effected solely by marine 
agency, but only tbut at any rate the last stage of the operation was performed by a 
sea, whether inland or oceanic. Sec Frof. Ramsay's paper, Q. J. G. S., vol. xxvii., 
p. 241. 
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down on the north-east by a fault which pulses close to Firbar House 
and, throwing down the Lower Yoredale Grit ulso, is continued across 
tne Kibble valley by Skeleroii, Rimington, and Bolton Park. Another 
tault, with a downthrow to the soutli-west, runs between Claude and 
iiurn Moor, and a disturbance, which is probably owing to this, may be 
seen in one of the doughs below Alartiu I'op.— R. II. T. 

This grit west of Barnoldswick is generally of a yellowish brown or 
reddish brown colour, sometimes light grey or whitish. It is coarser than 
tlie Lower 1 oredale Grit, often coarse enough to be called a coarse qril. 
But only in one place in this district can it be called a very coarse 
grit. This is in the north bank of the County Brook between Foulridge 
and Barnoldswick, and about 200 yards west of the canal. Here very 
coarse thick bedded grit is seen, with good sized pebbles in it, the 
whole lookmg much more like Kinder Scout Grit than ordinary 
1 oredale Grit. The beds seen must be near the top of the Upper 
Yoredale Grit. 

The base of the Upper Yoredale Grit forms a good escarpment from 
the Gisburn road round to near Barnoldswick. Its junction with the 
underlying black shales may be seen at Weets, the base having several 
bands of shale interstratified with the sandstone. The actual junction 
between Weets and Barnoldswick was nowhere else seen, but grit 
and shale were seen in several places along the line within a few 
yards of 'each other. Near Gillians, however, the liase is obscured bv 
drift. ' 

The upper boundary is less certain. Between ^Yhite Hough Water 
and the road between Ofta Hill and Stank Top, grit is seen in one place, 
with a hard feature near where the top should lie. In the road above 
mentioned the junction is seen and the line is good to Brown Hill. 
Henceforth it is cveryAvhere covered u|) Ijy drift, and is to some extent 
conjectural. The base of the Kinder Scout Grit, which is pretty good 
to Blacko Hill, is some guide so far. 

In numerous quarries on Stank Top Moor the grit is seen, in some places 
fine, in others coarse ; sometimes both coarse and fine grits are seen in the 
same quarry. If the quarry is small, often none but rubbly grit is seen, 
and the beds at or near the surface have a dip which on closer ins)jection 
is seen to be not the true one. When the true dip is 00- or 40' the 
beds at top may dip as much as 50° to 80' or moi-e, and often they may 
be seen to dip in the opposite direction to the beds below. This 
is always merely a surface derangement, and is probably due to ici> 
action. The dips taken here show that there must be from 1,000 to 
1,200 feet of grit. 

Several sections are given in the road that leads from Lane- 
field by the end of "Weethead plantation ; but the best section by 
far is that on the coimty boundary given by Claude Clough and by 
Gingerbread Beck, which runs into it. The beds dip steadily and 
continuously to the S.E. and E.S.E. at angles varying from 20° to 35', 
the average lieing 25° to 30°. Beginning towards the north end of 
Gingerbread Clough, opposite Claude, we get rather thin beddeil grits, 
then massive grit, then shale is seen, afterwards rather coarse grit with 
shale in it. Then comes a gap, which may be shales ; but sections iir 
grit on either side are seen not a very long A\ay from the beck. Lower 
down the clough we get grits — thick bedded coarse grits, grits, shales 
with thin ironstone band, grit, shale, pinkish grit, and grit again — without 
seeing the top. A carefully plotted section shows 1,400 feet of Yoredale 
Grit here without either base or top. 

The grit is seen in (juarries on Burn Moor and in the gully above 
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Higher Adniergill. The dip is here less, 12° to 18°. The base of the 
Srit is seen »l the upper end of Greystouc Plautiition, opposite (irejsloue 
Inn, where several liands of shale are seen iuterbedded with the gril, 
as at Weets. We suppose a fault to range up Greystone Clough, the 
I'ault whieh is seen in a gully on the west side of the road, opposite 
Admergill Pasture. 

On the eastern side of the seetiou there exposed grit is seen 
dipping steadily about east by south, and on the western side are 
layers of reddish and black clay, much contorted and mixed with 
crushed stone. 1 have seen notliing in the district anything like the 
layers of different coloured clay; but Professor Ramsay, who saw the 
section, observed that as it was close to a fault, not liiucli could be said 
aliijut it. It is ]iossibly stuif >//. the fault. Numerous quarries, most of 
them small, on White IMoor show that the grit is dipping at low angles, 
5° to 15° to tlie south-east ; and subdrdinatc features, which can here 
and there be traced for short distances, indicate thin and inconstant bands 
of shale. To^\'ards Barnoldswick the dip increases, the beds shown in 
Closes Lee Clough dipping at angles from 20° to 30% and among them 
are several bands of shale. There is a good exposure of the beds in the 
quarry E. of Moor House, wdiich shows coarse and fine grits, the latter thin 
bedded and micaceous, with partings of shale, dipping east at angles 
from 8° to 12°. There is a rather sharp bend in the rocks about here ; 
they strike in one direction nearly parallel to the road which leads by 
Fanny Gi'ay Inn, and in the other direction towards Barnoldswick Park. 
There was some indication of a fault here, ranging about nortli 2.5^ AY. ; 
but the evidence was not sutficieut to justify me in putting it on the 
map. Behind Higher Park are quarries showing beds of grit, dipping 
S. 30° E. at angles of 20° to 30°, and striking at the Lower Yoredale 
Shales and Limestones seen in the Barnoldswick raihvav-cutting. 
This is one of the proofs of tlie existence of the great Barnoldswick 
fault, which here throws down the beds on the south against beds more 
than 2,000 feet below them. Large quarries near Park Close exhibit 
sections in rather fine evenly Ijcdded grit, generally light gray ov whitish. 
Une cjuarry near the house has a capping of shale. The dio is here east 
by north 10° to 12°. 

Sliales hcfwrcii Yorcrhilc,iiiid Kimlei-, Gri/.i. — These are seldom seen. 
Some shale is seen in the road between Offii Hill and fstauk Top, and 
along the road leading to Ihown Hill. The shales are here ]irobabIy 
aliout 200 feet tli'ck, lial they mutt increase in thickness eastwards, as 
in tlie eastern side of 92 S.\\'. they are much thicker. iMmldy shales 
with thin sandstones were ^(■en north of Foulridge and west of the canal 
in a little stream east of Hey Fold, and shales are seen in the canal bank 
near Hollinhurst Bridi^c. 

W. G. 



Lmwek Cai;i;onii'Ei;i)U,s Kucks, East of (iisr.unx. 

Thi' Carbiinifcrous Limestone, east of Gisburn, consists of the maiii 
mass of Limestone north of the fault running from Bracewell to Brough- 
ton, and that of the Thornton anticlinal. The country about Horton 
and Bracewell is ^ery drifty and aflbrds few sections. Stock Beck gi\es 
no sections between Iloiton liridge .-lud Barnoldswick JNIill, and no rock 
is seen in the county north and easi, of the beck for a width of more 
than a mile, except in a quarry near Stock Bridge, which has a lliick 
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capping of Bouklei- C'liiy. West of Bracewell tliere are some qunviies 
near the brook wliicli comes from Wcilacre. 

There is a f^-ooil exposure of IkmIs in Marton Sear, nnrtli of GK'dstoue. 
Here for a leiii;tli of abont three-qnarters of a mile, and for a widtli of 
oOO yards, we liave, what is very unusuiil in tliis district, a streteli of 
almost barc^ rock, with several parallel, somewliat broken, ridges, having 
their scarped sides to the west. These ridges lia\e a cnrved outline, 
the dip at the south end of the scar being north oi' east, in the middle 
about eas(, and at the north end south of east. It is from 12° to 15° on 
the east side, but increases westwards to 25° and 35°. The licds exposed 
here must be as much as 500 feet in thickness, which is probably ncarl}- 
all limestone, though there may be some subordinate bands of shale. 
The limestone is mostly of a light gray colour, though some of it is 
r;ither dark, and the bedding is generally regular and well defined. 
South of iTledstone there appears to be a synclinal, the axis of which 
langes about north east and south-west. East of this in a band of country 
some 400 or 500 yards in widtli, stretching from ^\'e>t Marton through 
East Marton quarries to Clint's DcH', N.W. of Cobber Hill Plantation, 
we get a fair number of seelions in limestone, with a pretty steady dip 
somewhat to the we^t of north. U'he limestone seen in the Marton 
quarries is mostly dark, rather thin bedded, and has in some places shale 
partings. There is a good exposure of beds at Clint's Delf. The lowest 
beds seen in the scar are v/hitisli massive limestones ; the beds which 
lie above, seen in the quarry, are generally thin and evenly bedded ; they 
vary in colour from grey to black and have partings of black calcareous 
shale. Fossils are plentiful in the upper beds. 

The country for a long distance north of this band is almost entirely 
obscured by drift. 

The boundaries of the Limestone of the Thornton anticlinal arc well 
seen at Kain I-Iall Kock and at Gill Rock, where the beds above the 
limestone are black shales, and the centre of the antielimd is seen in the 
beek, north of St. James's C'hurch, Barnoldswiek, v.herc the turn oscr 
of the beds is shown, though the boundaries about here are obseure. 
The course of the Limestone is clear about Thornton, from Thornton 
Hall Quarry to beyond Fence End, but the oiber side of the anticlinal 
is obscured by drift, and the only sections which ofti'r themselves are in 
quarries at (South Field Bridge, and at Langber. On both sides of 
the anticlinal the dip is very high, being at liain Hall Rock from 50° 
to 75', about Thornton from 50° to 70°, and at (! ill Rock about 60°. 
The limestones are nearly always regularly and rather thinly bedde<l, 
but rather massive limestone is seen in Gill Rock quarry, and in a quarry 
near the canal, west of Rain Hall Rock,, where the beds are vertical. 
Xo doubt there are bands of shale, though they are not so much seen as 
the limestones. The contorted limestones and black shale seen at the 
beck side, east of (Jill Church, are probably some of the lowest beds 
anywhere seen in the country under description, brought up by the 
fault which runs through Gill Church. It is difficult to estimate what 
thickness of beds is brought to the surface in this anticlinal, owing to 
the minor contortions, and to tlie want of a continuous section, but it is 
probably quite as much as 1,000 feet. 

The long and deep quarry of Rain Hall Rock, where the beds arc 
fidlowed along the strike, shows beds of blue and grey limestone restius 
on shale. Several " backs" or " horses," some of whieli slightly tjirow 
the beds, are met with, and in these cale spar and heavy spar are 
found. 

In a small quarry near Coate Flat fossils are pretty numerous. 

In th» entrance to Gill Rock we get a section illustrated by the 
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following diagram, which is roughly copied from the one in Phillips's 
(leol. of Yorkshire, Vol. II. 




The uppermost l>0(ls are black shales, not well seen. These are 
marked A in the diagram. Below them are tliin limestones marked 15, 
and then come other black shales C. The limestone D has been taken 
as the top of (he Carboniferous Limestone, though it is by im means 
certain that it is the same bed as that (juarried at Rain Hall. It is thin 
bedded, and lias been worked to some extent. Below this eomes more 
black sluile E, and then comes more limestone F, which is thicker 
bedded and has been extensi-\ply worked along the strike. 

A fault which shifts the beds a few yards is seen in tlie section. 
Prof. Phillips considereil the line X Y to be the incliiiation of the plane 
of the fault to the horizon, and he accounted for it'^ low hade (about 
ll°j and it'-; reversrd throw, by supposing tin- fault to ha^ e been formed 
when tlie beds were horizontal ; the hade would have been then about 
60°, and the throw regular. 

I think tlie above explanation unnecessary because I do not consider 
the line X Y to be the inclination of the fault. If it were so, it should 
appear in tlie beds cxjioscd on the western side of the road, Avhich are 
quite as hiuh as tho^e in which the fault is sern. But there is no trace 
of it on tlic west side, and if we go round behind F we find the fault 
coming nearly perpendicularly down the face of rock, so that the fault 
is really a vertical one, or nrarlv so, and nearlj' in tlie plaue of the paper. 
It mu-:t lie remembered that the face of the section is far from beino- 
vertical, the beds below the line X Y being nearer the observer than 
llirjsp above the same line, which is nothing more than the line down to 
whiiii the Ijeds ha\e lieeu qnairied on o)ie side of the fault. 

West of BainohUwick the limestone has been lar^vlv worked at 
Liinekilii Delf. It is Ijounded on the west by the Barnoklswiek Fault, 
which here throws down the Lower Yorediile Grit against the inhales 
immediately overlying tlie (_'ailjoniler(iiis Limestone. The limestone 
here appears also to be bounded on the north liy a fault, for there does 
not seem room for the whole of tlie limestone seen, to rise, turn over, 
and dip under the sliales seen west ol' HoUins, and near Cow Pasture. 

Lou'(i- \'(>rc<hilc Sh(i}i:s mid Limestones. — In the rudely triantijular 
piece of ground, between the Thornton anticlinal and the Stock Brido-e 
Fault, no rock is to lie seen except on the western side of the area, 
between Hollins and Fools Sike. Here in the little streams, north and 
east of Kirk Clough, dark shales, and thin limestones, often impure, are 
seen dipiiiug at ^•ery high angles, in other places vertical, or sharply 
contorted, with a general strike parallel to the limestone bouudaif, 
west olBrogden Hall. 

It may be as well to gi\'e here the evidence for the line of fault 
running from Bracewell to Broughton, which I have just no«- called 
the Stock liiidnc Fault, and for that of the branch fault ruunino- by 
Crickle House. 

If we t;il;e a section east of Gisburn from near Moor Lathe to the 
north end of Kirk Wife Wood, a horizontal distance of 6,000 feet, we 
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get limestones dipping steadily northwards at angles averaging 25° to 
30», and showing a thickness of 2,500 to 3,000 feet. This great mass 
of beds does not appear to turn o\er till we ti;et sontli of a lino between 
Moor Lathe and Yarlside, so that the limestones in the quarries near 
the B in Bracewell, and at Stock Bridge^ mnst naturally be a long way 
below the upper beds. But unless tliere is a fault, they must be Ihe 
continuation of the upper beds seen N.AV. of Brogdeu Hall. Therefore 
a large fault must exist somewhere hereabout. Then again the un- 
doubted upper beds of the Thornton anticlinal appear (o dip under the 
beds about West Marton and East Marton, which are certainly a long 
way down in the series, and the anticlinal with its beds dipping steeply 
N.W. and S.E., strikes at beds which are all dipping one way slightly 
W. of North. Thus a large fault is wanted between Marton and the 
Thornton anticlinal, throwing down on the south as at Stock Bridge. 
The fault is nowhere seen, but the beds seen in Broughton Beck, in 
places between Broughton Mill and Daneliff Plantation, aie a good 
deal distm-bed, and the sulphur wells at Broughton and Crickle Spa 
may have some connexion with the fault. Professor Ramsay thought 
that the shales and impure limestones seen near the village of Broughton 
could not well be put into the Carboniferous Limestone, so the supposed 
fault going by Crickle House was drawn to separate them from the 
undoubted Carboniferous Limestone of Clint's Delf. Whether the 
limestone between these two faults at Broughton Fields is the upper 
part of the Carboniferous Limestone, or one of the Yoredale Limestones, 
it is not easy to say. 

The Lower Yoredale Shales and Limestones S.E. of the Thornton 
anticlinal are best seen near Barnoldswick. Some of the lower beds 
(though not the lowest) are seen in Ousel Dale, and in the road going 
up to Hill Top, where there would appear to be very little limestone. 
The shales and limestones are seen in the cutting of the Barnoldswick 
Railway, north of Barnoldswick Park, and also east of the canal. The 
band of impure limestones seen in the latter cutting runs by High Close 
Hill and Keyfield Plantation. The dip is everywhere high from 35° 
to 60°, or even more, and the direction pretty steady to S.E. and S. by E. 
In the cutting of the railway near Barnoldswick Park the beds were 
found to be all turned over at top and ground up, as by a force coming 
from the north. This, in a country known to be glaciated, seems most 
likely due to moving ice. The apparently anomalous dip into the hill 
in the road by Thornton Hall, and again in the road leading from 
Thornton to the railway station, is perhaps of this character, merely a 
surface bend. In the cutting of the Barnoldsvfick Railway, north of 
Salterforth, a section of which the accompanying woodcut is a sketch. 

Fig. 7. 
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Section in the Barnoldswick Railway, showing Siii-fare Disturbance. 
From a sketch by Mr. R. H. Tiddeman. 

showed the shales and limestones bent at top, looking very much 
as if they had been forcibly bent upwards, and afterwards by pressure, 
perhaps that from the weight of the hill above, partly bent back again. 
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In the country north-eastwards as far as to Elslack, we get scarcely 
any exposure of these beds. In the lane east of Thornton, leading down 
to Brown Beck, a calcareous sandstone or very sandy limestoue is seen, 
which cannot be far above the top of the Carboniferous Limestone. It 
is unusual to find such a bed on this horizon. In Broughton Beck, 
between ElsLack Bridge and Broughton Mill, several bands of limestone 
and shale may be seen. There is a quarry in good limestone S.E. of 
The Grove, and limestone much eoiiturted may be seen south of this in 
the railway cutting. It is compact, gr§y and dark limestone, with 
shale partings in ]iiaees. Encriuitcs and shells are to be seen, but are 
difficult lo extract. Owing to the few sections and tlie contortions, it 
has been found impossible to trace these limestones, but there is no 
doubt they belong to the beds under description. 

The Lower Yoredale Sandstones can be well traced cast of the 
Barnoldswick Fault, from the railway by Bawmier nearly up to the 
dill Church Fault. 'I'he lower bed is best seen, being that which 
appears in the railway cuttiug, and which has been quarried east of 
Bawmier. Shales above this are seen in the railw.ay cutting, and iu a 
little stream near the o in " Keyfield Plantation," where also may be seen 
impare limestones and mudstones interstratified with the shales. A 
little further eastward than the latter place fine grey grit is seen, 
which is part of the upper bed of the Lower Yoredale (Irit. Further 
eastward we see no more of the Lower Yoredale Grit, except in two 
places between Earby School and Booth Bridge, where we get small 
sections of it ; and it probably dies out, so that about Brown House we 
appear to get a series of shales and limestones, from 3,000 to 3,500 feet 
thick, between the Carboniferous Limestone of Thornton and the Upper 
Yoredale Grit of Elslack Moor. 

It nuiy be as well to give here the evidence for the great Barnolds- 
wick Fault, which is a marked feature in the structure of the countr}-. 
In the brook east of Kelbrook the beds are much disturbed, and more 
than one fault is seen, though which of them is the actual line of the 
great break cannot be determined. At Kelbrook we have the shales 
clearly seen to lie above the I'pper Yoredale Grit thrown against the 
lower beds of the same grit, and the shales of the synclinal valley of 
Salterforth Moss abut against beds which are much lower in the series, 
and arc all dipping one way. The outcrop of the Lower Yoredale Grit 
(lipping at angles of from 30° to 40° is shifted a mile and a half from 
Salterforth to Limekiln Delf. The i'ault is seen in a little stream 300 
yards S.W. of Barnoldswick Park, and near the (|uarrics at Higher Park, 
on the line of fault, a mineral vein, probably of iron pyrites, has been 
struck. Near Hill Top the beds are vertical, and so they are between 
Springs and Lower Calf Hall. Near Limekiln Delf, on the line of 
fault, is Dark Hill Well, a very powerful spring, the water of which is 
important enough to have been the subject of a lawsuit. The evidence 
for the continuation of the fault westward has been given. Between 
Salterlbrth and Limekiln Delf the throw of the fault cannot be less 
than from 2,000 to 2,500 feet. 

On the west of the railway between Sough Bridge and Earby Station 
is a grit quarry,'which from its dip and position seemed evidentl}- to be 
a part of the Upper Yoredale Grit, separated from the main mass to 
the east of it by a fault, which I suppose to run east of the quarry in a 
N.N.W. direction. Where this line crosses the beck to the southward 
disturbed grit is seen, and the line continued northwards runs east of 
Kain Hall, where the boundary of the limestone seems shifted, and on 
by Gill Church, near which the beds are much contorted W, G. 
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MiLLSTllNE GlUT iSliKIIW. 

Tho subdivisions of this seriL^s liavo boon clearly dekTraiiied. The 
rot'ks of this di\isiou form two sides of the triangular district now 
being described with the apex at Colne, and tho base of (for the most 
part) the same beds brought up along the low arch which I have called 

the Rossendale anticlinal." Following the order of description 
Intherto adopted, we shall commence with tlie basement beds of the 
scries and proceed upwards. 

Fourth, or Kinder Scout Grit.— '£h\s rock consists of two or more 
beds of grit, separated by shale. The grits vary in coarseness from 
massive conglomerate to ordinary sandstones, and over the top of the 
uppermost bed there occurs sometimes a thin coal-seam. The pebbles of 
this conglomerate consist of white saccharoid quartz, like vein quartz, but 
sometunes like the rounded grains of granitoid or gneissose rocks. 
Ihe sandstones as a whole are largely composed of felspar, some- 
times sub-crj-stalline, and small flakes of mica are plentifuUy scattered 
throughout, so that the whole resembles a granitic rock which has been 
pounded up and reconsolidated. Impressions of plant stems and pieces 
of carbonized wood are to be found in most of the beds, often in a pro- 
cumbent position, as if drifted from a distance and imbedded. This is 
the case with all the grits of the Millstone Series. 

The Kinder Scout Grit occupies a large area at the south-west corner 
of our district, stretching northward in the form of an extensive moor- 
land, intersected by valleys from the northern slopes of Winter Hill to 
the banks of the Roddlesworth near Tockholes, and embracing Angle- 
zark jMoor, Withnell Moor, and Bromley Pasture. This area is bounded 
by two large faults ; one on the west side passes by Eivington Hall, the 
foot of Stronstrey Bank, and the valley below Withnell, and may be 
seen in the gorge of Dean Wood near Dean Head Lane ; also in the 
brook courses near the old Anglezark lead mines, and in the brooks 
and _ road-cutting east of Brinscall Row. Opposite Brinscall Hall the 
vertical displacement amounts to the entire thickness of the Millstone 
Grit Series, as the bottom beds of the lower Coal-measures are brought 
down on the west side against the base of the Kinder Scout Grit on the 
east, and probably falls little short of 4,000 feet. From this point 
northward the throw of the fault decreases. 

The fault on the eastern side of the area occupied by the Kinder 
Scout Grit is the same as that which ranges through Bolton and along 
the Irwell Valley into Manchester, and known as " the Irwell Valley 
fault."* This dislocation passes below the bridge which crosses the 
brook at Belmont, where it may be seen ; as also in a ravine which 
descends from Counting Hill and crosses under the Belmont and Bolton 
road. North of Belmont the fault runs in the centre of a wide valley, 
and its position can only be approximately inferred in the absence of 
sections till wo I'each the Eoddlcsworth, where its position may be 
determined by the up-tilting of the beds. At this place it joins the 
Anglezark fault, forming with it the apex of a triangle. 

The basement beds are visible on Anglezark Moor, Stronstrey Bank, 
and Millstone Edge, consisting of coarse massive yellowish grit and 
conglomerate, current-bedded, and containing plant remains ; above 
these are two or three beds not so coarse, and separated by bands of 
bhale,| which are quarried at Hill Top, Belmont, Bromley Pasture, 



* See " Geology of the Couutry around Bolton-le-Moors." Mem. Geol. Survey, 
f In one of which I found Goniatiics and plant remains in the brook above Higher 
Hempshaws, on Anglezark Moor. 
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Hoar Stones Bi'ow, Coal Eoad Delf, and Coomb Farm. The coal seam 
which marks these beds as the upper limit of the Kinder Scout Series 
may be seen at the northern base of Rivington Hill in Dean Brook. 
There appear to bo two beds, the lower a foot thick, the upper con- 
sisting of bass and coal ] 8 inches. Above this are a series of dark 
shales passing into gi'ey, and becoming sandy upwards ; these form the 
flank of Winter Hill, and lead up to the base of the " Third Grit " of 
the Millstone Scries. The same coal may again be seen at the top of 
Grange Brook near Belmont; it is here 14 inches thick, resting on six 
feet of clay and shale, and was formerly worked. 

The Kinder Scout Grit forms a long band of rising ground, in some 
places rocky and serrated, from the fault west of Hoolster Hill to the 
Nick of Pendle, passing by Mellor, Whalley Nab, and Wiswell Moor. 
The line is remarkably straight, trending E. 38° N., and all along this 
line (he beils dip towards the south-east at angles varying from 25° to 
60°, with an a^'erage of 35°. Sections are abundant. — E. H. 

The most westerly point where this grit is well seen along the Cli- 
theroe anticlinal is at Hoolster* Hill, two miles north of Hoghton Tower. 
There, near the top, is a quarry in coarse grit dipping south at 25°. 
Lower down the southern flank is another quarry in finer grit dipping 
at 55°. Further west these beds are probably broken by the same 
fault as that which is seen in the Darwen at its junction with Arley 
Brook, and which most likely also brings down the Trias against the 
carboniferous rocks in the Kibble near Alston Hall. Still further Avest, 
in ascending Hole Brook from the Darwen, we find a, section in very 
disturbed beds, which is somewhat puzzling ; it consists of shale with 
two or three very thin imi^ure cherty beds of limestone containing 
fossils, Encibdlcs, Brachiopoda, Gcmititites, &c. These rest on about 
20 teet of fine hard thinly bedded grit, which is seen at first to dip 
south, then, turning round, west, and finally to the north-west at 70°, 
where it is terminated by a tault, Isriuging down black shale. At first 
sight these beds may be thought to haA e a very Yoredalenu aspect, but 
considering their position below the Third Grits, and the fact that 
similar shales and limestones occur abo^e the Fourth or Kinder Grit 
at iSalesI Wheel in the liibble, it is more likely that the sandstones are 
fine beds at the top of that division. Their arrangement here probably 
represents the turning point of (he Clitheroe anticlinal. — R. H. T. 

To the east of Hoolster HiU there are sections again at Eamsgreave 
Hall, and on ciossing the valley of Knotts Brook we find the grit again 
on the hill above Hollowhead Farm, thrown forward by the fault in 
the valley. At Parsonage Farm there is a quarry in the rock which 
here contains veins of barytes. We find it rising in little rocky ridges, 
from Billiugton Moor to Whalley Nab, often as a massive conglomerate, 
and at Nab Wood it is opened out iu a large quariy. On the north- 
east side of the Calder it occurs at Clerk' Hill, and may be traced 
by numerous sections to the foot of Pendle. Its diminishing im- 
portance nortli-east of the Calder relatively to the Upper Yoredale 

* Spelt Holster on the one-inch map. 

t This obsolete word, like many others of North Lancashire, has been preserved by 
Spenser iu his " Shepheards Calender" (for December), and is thus used : 

" To entrappe the fish in winding sale " 
and in the contemporary " Glosse " thereon, we find " Sale or sallow, a kinde of 
" woodde like Wyllow, fit to wreath and bynde in leapes (baskets) to catch fish 
" withall." So that there is little doubt that this wheel or whirling pool, one of the 
best netting fislaries on the river, owes its name to the use in it of willow nets or fish 
traps. The Romans stationed at Eibchester hard by may have used "Salices" for 
that purjiooc. 
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Grit has been already commented on (p. 25). North of Sabden it is 
seen very clearly to consist of two principal beds, but this division does 
not seem to persist far along the strike in either direction. A very 
good section is to be seen in Cock Clough above Sabden Fold, the beds 
dipping from 30° to 40° to the S.E., and giving a thickness of 560 feet, 
the underlying shales being 100 feet thick, lioyoiid this the grit is let 
down between two north-wfsterly faults. About Newchurch-in-Pendle 
sections are very numerous. In two quarries to the ti.W. of that 
village we find coarse massive reddish grit with much felspar, and higher 
beds consisting of coarse thick fla^s, and on the ridge to the north-east 
of it the grit is as coarse as any J have seen in the district containing 
many pebbles one inch or more in length. — R. H. T. & E. H. 

Immediately west of Ofta Hill the Kinder-Scout Grit is hidden by drift. 
Between Offa Hill and Bank Ends the rock is exposed in numerous 
quarries. It dips at angles of 40° to 50° to the south-east, and is 
almost everywhere a very coarse yellow-brown grit, in many places con- 
glomeratic. A band of shale in it is seen in the road just behind Offa 
Hill, and above this shale occurs a red conglomerate. A small fault 
ranging with the strike of the beds Avas seen Ischind Hollin Top. 
Blacko Water gives no section in the grit, the Boulder Clay hiding 
everything. We get the grit exposed again in numerous quarries on 
Blacko Hill, where the dip is near S.S.E. at angles of 25° to 40°. A 
fault here seems to cross the ridge, which is probably the same as the 
one seen near Admergill Pasture, and in a quarry near the ordnance 
station is a fault shown in the accompanying sketch. 
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Fault i/i a Qiiarrij on Blacko Hill. 

East of Blacko Tower the Kinder-Scout Grit is again entirely hidden by 
drift, and when we again see it there are two very distinct beds of coarse 
grit with a thick band of shale between. These shales are well shown in a 
little stream at a point on the 1-inch map, just north of the second c in 
the word Cocker Hill. The section shows sandy and muddy shales 
dipping slightly east of south, at angles of 40° to 45°- About 125 feet 
of shales are seen, and there are probably more of them, as the junction 
with the underlying and overlying grits is not visible, and I estimate 
them to be from 200 to 250 feet thick further eastwards, near Foulridge 
Hall. In the little beck, south of the latter place, shales are seen for 
some cUstance dipping a little west of south, at 35°- The upper bed of 
coarse grit and conglomerate is well seen at Cocker Hill, and the lower 
grit bed between Foulridge Hall and Dobers. The lower bed I estimate 
to be 350 feet thick, the upper 200 feet ; so that the total thickness of 
the Kinder Scout Grit is here fi'om 750 to 800 feet. At Blackfield is a 
curious ridge, which as shown by the shading on the 1-inch map seems 
to run obliquely to the strike of the be<ls. It is not, I beheve, a drift 
mound, for one or two poor sections showed grit which seemed in place, 

c 2 
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Our would think that the tieiid of this grit ridge certainly indicated the 
strike of the beds, but from what I could see in the sections it does not. 
If this were here the strike of the beds, there must be a fault along the 
western end of the ridge, at the bend in the road, and the base of the 
Lower Kinder Grit would be thrown nearly against tlx' middle shales 
seen to the west iu the beck. As there was not good evidence for a 
fault, and the steady dips showed there could be no sharp bending, it 
was mapped as shown, with Prof. Ramsay's concurrence. — W. 6. 



Sabden Valley Shales. 

Overlying the Kiuder-vScout Grit is a thick seiii's of shale,<, witli 
sometimes bands of grit. On the northern flanks of Winter Hill the^e 
sliales have a thickness of about 350 or 400 feet, but in the Pendle range 
it is considerably greater. On the Ijorders of Yorkshire they form the 
flanks of Way Stone Edge.— E. H. 

These shales have been already alluded to as being seen in Hole 
Brook, west of Hoolster Hill ; they may also be seen in the river Darwen, 
below Samlesbury Mill, where they show a thickness of 625 feet without 
coming to a base. The entire thickness is probalily double this at least. 
At the mill they are dipping at about 40° to the south. A little lower down 
the river is a banil of ironstone nodules containing fossils well preserved, 
and forcibly reminding one of a band similar in character and position 
at Roughlee, <iast of Pendle. These shales may be seen at inter\als all 
along the Darwen Valley, which is excavated along their strike, nearly 
as far as Roach Bridge, but there they are covered up by Permian 
rocks. They seem throughout to contain fossils, Goiiiatilcs, Posidonomya 
Gibsoni, fish, and in places plants. Thin beds of hard fine cherty grit 
occur here and there, as in the second northerly reach of the river from 
Samlesbury Mill, and again at the bend of the Darwen, west of its junc- 
tion with Hole Brook, and there they form a sharp anticlinal, with some 
traces of disturljance. They are not seen again north or west of this until 
we come to the Ribchester synclinal at Sales Wheel. There they maybe 
Avell seen resting on the Kinder Grit on both sides of the river, and eon- 
tain many fossils and thin Limestone bands made up of encrinites. They 
appear again with ironstones under the bridge at Rilichester, on the 
north side of the river, but are not well exposed. At the bend of the 
Ribble, south of Ribchester, where it turns to the west, we find black 
clayey and sandy shales, with ironstones, Posidonomya, Goniatites, and 
Calamites. They seem much disturbed, but the general dip indicates a 
synclinal trending E.N.E. This is the most westerly point where they 
are seen. 

Returning to the south side of the Clitheroe anticlinal \\c find them, in 
dry seasons, exposed in the bed of the Calder, near Whalley, just north of 
the M of Moreton Park, where there are clayey shales with thin lime- 
stones, and a little further south with ironstones. The dips arc high, from 
40° to 70°, and they cannot here be less than 1,900 feet in thickness. 
Shales near the base of this series are again seen, but obscurely, in a 
small watercourse, half a mile due east of Wis«-ell JMoor Houses. The 
underlying Kinder Grit is dipping at 55° to the S.E., the shales them- 
selves arc disturbed, and do not give a true dip. Between the site 
of Wiswell Mill and Sabden many sections in the higher part of 
these shales are seen along Sabden Brook ; they consist of sandy 
shales with a few beds of sandy plate and sandstones. Ironstones also 
occur in places, but I was unable to find any fossils, nor have they that 
general appearance which elsewhere leads one to expect them. 
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The lower part of the shales is again seen iit the side of Thorneyholiiic 
Millpond, near Barley. They are dipping south-east iit 55°, and rontain 
fossils and ironstone nodules. At Koughlee, east of the Old Hall, they 
are .again found in the brook, beneath a liigli bank witli a bed of grit 
running along it. These must be near the top of the series. They 
contain Pecten (which I ha^e not seen elsewhere on this horizon), 
Goiiiatites, Orthoceras, and se\eral species of Gasteropoda. Mr. John 
Aitken, of Bacup, F.G.S., with Avhom I first had the jdeasure of visiting 
them, has made a good collection from this spot.* — E. H. T. 

Only two sections were seen between Rough Lee Water and the road 
from C'olne to Foulridge. Near the western end of the large canal reser- 
voir, in the road immediately north of Wanless House, some coarse grit 
is seen, and a little further north shale dipping nearly south at an angle 
of 30°. Also small sections in grit and shale are seen a little south of 
the same reservoir, near the top of the letter k in Bach of Cohie Edge. 
The whole thickness of these .shales, with subordinate grit beds, must be 
here about 2,000 feet. They seem to have been cut through in making 
the Foulridge tunnel, nearly a mile long. The only reference to this 1 
know of is in Phillips' Geology of Yorkshii-e, Vol. II. p. 74-5, where it is 
said that the Yaredale shales were found in the tunnel. But this is 
certainly a mistake, the beds cut through in the tunnel must lie above the 
Kinder Scout Grit of Cocker Hill, and not beloro it, as Prof. Phillips 
thought, and as given in the map accompanying his work. — W. G. 

Third Grit. 

The shales are surmounted by the sandstones and conglomerates of 
the Third grit \tse\i, in two, sometimes in three, beds separated by shales. 
At Belmont they are well shown along the brook below the reservoir, 
and, under the name of " the Ratchers," occur as massive clifts of con- 
glomerate. Further down the stream, under the Hall Wood, the loAver 
bed of rock may be seen dipping southward beneath the shales wliich 
separate it from the upper. The uppermost beds are again shown in 
the river Roddlesworth, below Tockholes, in the fonn of line grit and 
flagstones, and also below the embankment of the new reser^'oir, where 

tliey are seen to be traversed by a fault which is marked on the map 

E. H. 

East of the N.N.Wly. fault which runs past Chorley and Whittle-le- 
Woods the third grit appears in a few places along an anticlinal which 
is a continuation of that of Clitheroe. The upper bed only is visible : 
this is first seen at Radburn, in a small brook above the canal. It is 
dipping at an angle of from 5° to 10°, and consists of fine grit. It is 
also seen in Gorton Brook, at the same low angle ; and at Seed Lea, 
N.N.E. of the canal tenninus. In the lower part of Gorton Brook, near 
Duckworth Honse, the beds are seen turned over to the N.N.W. at 
an angle of 20° ; E. of this a fault intervenes, which throws down the 
overlying shales, and somewhat shifts the axis of the arch. The next 
brook (Mill Brook) has just cut down to the top of the grit again, S. 
of Jack Green. It is again thrown up E. of this by another small 
fault, but does not show any clear section for some distance. In Mill 
Brook the shales above it contain ferns, goniatites, and other fossils. — 
R. H. T. 

Along the Pendle Range the Third Grit consists of two and sometimes 
three beds, divided by shales, the lower of which is often very massive 

* See Trans. Manchester Geol. Soc. part 2, toI. yii.. On an excursion to Clitheroe 
and Pendle Hill. 



38 



CaCOLOf^Y OF THE BUENLEY COALFIKLC, ETC. 



and coarse, passiiit;- into conglomerate, and current-bedded to a greater 
degree tlian tlie upper. 

There are good seotious in the river Darwen, south-east of Salmes- 
bury Briilyf' {see Fig. 9). The beds consist of grits of various degrees of 
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Section hi " Third Grits '' at Salmeshnry Milldam. 

a Hard massive grits contorted. h Principally shales contorted and faulted. 

c Grits passiiig- under shales. 

coarseness, and of colours varying from grey to yellow and purple. 
Near the junction with Arley Brook the dip is reversed owing to a 
large fault which ranges nearly north and south, and has already been 
alluded to as probably crossing the Kinder Scout Grit, west of Hoolster 
Hill (see Fig. 10). Other sections are shown in the banks of the Arley 

Fig. 10. 




Fault ill the Darivcii, near Arley Brook. 

Brook, in "\Yoodfold Park, in the lower bed ; while the upper forms a 
fine cliiF, partly iirlificial, called Alum Scar, resting upon a thick scries 
of dark blue alum-shales, from which this mineral was i'ormerlv ex- 
tracted. It ilii)s south at 15°, and contains nodules of ironstone with 
shells.* Sections in llio upper Led may be seen in the Avood behind 
Pellmell, ami in tlie lower at Slmirnck Hey, and fuiilier east in the 
brook by the road side aliove Yc\\' Tree Inn. Here the dip is S.E. at 
angles ranging from 36 to 4."j°. 

In the cntlinc; of the Clitheroe and Blackburn Railway near Brown 
Hill Toll Gale iho hrwer bed of the Third Gi'it isaj^ain laid open, and is 
seen to be violently conloilr d (Fig. 11, p. :VJ). The beds consist of^ coarse 
and fine grits incgnlarly bedded, Mjmetinics concretionary, with bands 
of shale. Some portions appear to have been pushed iaterally over 
others. This disturbance is doubtless owing to the prnyiniiiy of a large 
fault, that traverses the bi^ds transversely from N.N.'\V. to vS.S.E., but 
which is nowhere actually exposed to ^iew in sections. 



* As I am informed hj Caj.laJD Aitken, F.G.S., of Bacup. 
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Proceeding towards the N.E. along the line of the strike, we And a 
ridge of the Third Grit at Bank Hey, dipping 8.S.E. nt 50° ; also at 

Fig. 11. 
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Contorted Beds in Clitheroe and Blackburn Raihvay. 



1. Hard grits. 2. Shales. 

4. Position of fault. 



3. Contorted giits and shales. 
5. Grits and shales. 



Height House, Windy Bank, Top o' th' Heights, Black Low. Here it is 
thrown further north by a fault which brings the upper bed nearly in 
contact with the Rough Rock. North of Harwood both of the beds 
form prominent ridges, dipping S.S.E. at 50°, terminating along a fault. 
The lower bed is a conglomerate. There are good sections also in 
Sabden brook, above its confluence with the Calder. The lower bed 
breaks out in the form of massive coarse grit below Read New Bridgp, 
dipping to the S.E. at 45°, under shales with flags and tilestones and 
two or more thin coal-seams. The upper forms a bar of coarse grit 
crossing the brook below Cock Hill. — E. H. 

The course of these grits may be traced along the southern flanks of 
the Sabden valley. At Black Hill the lower bed is ^ery massive, thick, 
and coarse ; and at some distance above it occurs a very fine hard 
siliceous grit, with a coal seam overlying it. This grit is used lor road- 
mending, and is sometimes erroneously cidled " gannister." It may be 
seen in the above section in Sabden Brook, where it occurs in t^vo beds 
with a 3-inch coal seam between. The floor of this seam appears to be 
variable, for a little further on, in the road between Cobeav Nook and 
Tewit Hall it presents a section as follows : — 

ft. in. 
Clayey shale. 

Hard fine grit - - 5 

Coal - . - - 5 

Fireclay . - . - 2 

Grit. 

Following it along the strike in a wood half a mile distant, we find the 
seam to have thickened out to 18 inches, and here it seems to rest upon 
the grit itself. 

This grit must not be confounded Avith a similar bed A\hich occurs 
above the upper Third Grit at Lower Spen, resting tipon a 6-iuch con! 
team, with a floor of clay and shale. — R. H. T. 

Between the Calder valley and that of Barrowford Beck the Third 
Grit has been traced, chiefly by Mr. Tiddeman. It may be seen in 
section at Hill Top, the Rig of England, Spen, and Ridgaling, where it 
is crossed by a fault. East of this fault the grit forms a fine cliff over- 
looking the valley of Rough Lee Water. It again appears at Stone 
Edge and Colne Edge, where it is a conglomerate, and projects in 
bosses which have somewhat the appearance of Roches- Bloutonmes. 
The dip is here due south, as the beds here form the northern rim of the 
Burnley basin. — E. H. 

Along the eastern flanks of the basin tlie grit appears on the ^^'csteru 
slopes of Boulsworth, crossing Thursden Brook at Copy Bottom. 
The lowest Third Grit seen in Black Clough (the upper course of the 
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Don about Robin Hood's House) is very coarse and massive, and in 
some places quite a conglomerate ; the upper beds, however, are finer 
and somewhat flaggy. It dips steeply to the west, and must be several 
hundred feet thick. The finer top beds of this grit are again seen at 
the county boundary near AViddop Cross. A)Mi\e this come beds of 
sandy shale, seen in the road near Widdop Cross, in Birkin Clough, and 
in Black Clough ; and above these shales comes a bed of sandstone, fine 
towards the base, where are several shale bauds, but coarse at the top, 
east of Copy Bottom. This band of grit is scarcely traceable southwards 
beyond Birkin Clough Head, passing apparently into tiles and sandy 
shales. Above this comes shale, in places black, with flaggy micaceous 
sandstone in it. These are seen in the little stream east of Copy 
Bottom, and in the road leading from Thursden to Widdop, opposite 
the bend in Black Clough, where also may be seen a coal seam 6 to 8 
inches thick. The next Third Grit abiove is fine at bottom, with a 
considerable shale band some distance up in it. The upper part, seen 
at Hanson Fold and east of Cockridge, is coarse. It may be traced 
Bouthwards by Hazel Edge towards the Vale of C'liviger, and northwai-ds 
y Antly Gate to Oaken Bank, where the coarse upper beds have 
ecome fine and flaggy, so that the whole is uniformly prett}- fine. At 
Oaken Bank it is thrown down by a fault, seen at the junction of the 
becks S.E. of Alder Hurst End. In the shales between this and the 
Rough Rock a thin bed of hard fine grit, with a coal at top, is seen 
in iSwinden Clough. — W. G. 

Tlie upper bed may be traced south along the escarpment of Hazle 
Edge, dipping W. at 30°. Then still further south across Stiperden Moor, 
crossing Pudsey Clough at Stiperden House. Along this clough good 
sections are shown, both below and above the grit up into the Rough 
Rock. The general dip is to the south-west at 35° to 45° 

All along the western base of Black Hambledon, the lower of the 
two beds of grit has been concealed by the great anticlinal fault, which 
ranges through Tormorden. But on approaching the \'alley it apain 
appears, forming the fine clifl' of Hartley Naze, where it is quarried. 
The base of the clitt'is traversed by the great Cliviger Valley fault, which 
here forms a junction with the anticlinal fault of Todmorden, and having 
an upthrow to the south, thnists forwai'd the Third Grit for a distnnce 
of about a mile further up the valley on the south side. From this point 
soutlnvards the Third (Trit, consisting in the main of two beds, assumes 
an importance in the geology of the district nowhere else accorded to it. 
Bounded on the eastern side by the great anticlinal fault, and traversed 
Ijy several longitudinal and transverse fractures, which have the effect 
of repeating the same beds, once, twice, or thrice; cut deeply into bv the 
long canal-like valley of Todmorden, with its branches stretching into 
the ridges on either side, the Third Grit gives rise to a series of rocky 
escarpments, ridges, slopes, and valleys seldom surpassed in picturesque 
efi^ect ; and presenting to the physical geologist a problem as regards 
identification requiring alibis skill to solve, and which indeed could only 
be solved by the process adopted by the Geological Survey of tracing 
out in detail each separate bed of rock and shale. 

The lower bed is very massive and coarse, sometimes a conglomerate, 
but not so truly a conglomerate as the beds of the Kinder Scout Grit of 
Walsden Moor and Blackstoue Edge, with which it has sometimes been 
confounded. It is, however, a good building stone of a white or light 
brown colour near Todmorden, and yellowish or reddish further south. 
It forms the clilfs of Robin Wood, Mellings Clough, or Gorpley Wood, 
and by a fault v\fhich passes by Gorpley Mill is brought in again at 
Gauxhoime. On the east side of the valley it is quarried at Kno■^^■i A\'ood. 
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The same bed again occurs at Now Bridy-e, Warlaud, and forms tlie 
escarpment of Eeddyshore Scout. 

The upper bed is not so coarse as the lower, and is sometimes 
separated into two by a thin bed of shale, as at Cluugh Foot in Dides 
Oate Valley. Near the top of it there is often a thin seam of coal over- 
laid by black shales, which may be seen at C'lough Foot and Piiirasden 
Clough a foot in thickness. This is the rock which forms the cutting- 
and entrance at the southern end of the railway tunnel north of Little" 
borough, and which ]iresents a good example of a system of parallel 
curved joints, ranging N. and S. The roek is cut off by a large down- 
cast fault a short distance south of the tunnel. 

The Third Grit again occurs in Eossendale, forming the lower part of 
the valley from ^^'aterfoot downwards nearly to the junction of Balladen 
Brook, where it is terminated by a large fault. There are two beds, 
separated by shales, and on the top of the upper lied there is a little coal, 
which may be seen in Cowpe Brook, along the banks of which the grit 
is brought up by the fault above referred to. Sections may be seen at 
Lumb Holes Mill, Fall Barn Bridge, and at Lower New Mall Hey, liolii 
in the railway cutting and in a quarry. 

In Scout iSIoor Brook the top of the grit with its accompanying coal- 
seam, here having the appearance of cannel, is brought up along the side 
of the fault which descends along the valley. 

The Third Grit occupies the bottom and both sides of the river Irwell 
from Holden Wood Reservoir to Eamsbottom, where it is again thrown 
down, and concealed by a large fault which passes under Fletcher Bank 
Quarry. At Holden Wood Bridge the following section is exposed to 
view at the weir : — 

Section at Holden JTood Bridge. Third (Irit. 

ft. in. 

1. Irregularly bedded fine grit - - 8 

2. Coal-seam, inferior quality - 10 

3. Shale and stony clay - - SI) 

4. Irregularly bedded grit 15 

At the " Trippet of Ogden " massive grit is seen resting on dark shale, 
the dip being N. at 5°. 

The lower bed is very massive, often coarse grained or conglomeratic, 
and produces an excellent building-stone. In colour it varies from light- 
red and grey to white, and does not stain on exposure. Quarries are 
open in it at Fletcher Bank, Bank Lane, Stubbins, &c. It has been em- 
ployed with success in the restoration of Manchester Cathedral. 

The upper bed spreads over a large tract of ground at Shuttleworth 
Moss and Harden Moor, and along the bank of Cheesden Brook the little 
coal has been worked.* Here it has a black shale roof, and varies from 
six inches to one foot in thickness. At DeepleylJill the beds assume the 
form of a sharp anticlinal broken by a fault along the axis. 

The same beds are ag.ain shown in Holcombe Brook with three over- 
lying coalseams, called by Mr. Binney " the Holcombe Series." The old 
workings of the coals are to be found along the banks of the brook. 

* ilr. Binney, F.IJ.S., says of these beds, "Immediately above this roek occurs a 
group of shales of a dark colour, containing generally three thin beds of coal, the 
lower of which is worked at Cheesden Bridge, where it is about 15 inches thick. The 
roof of the highest of these seams contains an abuudiince of shells of the genera 
Ariculo-peclen, Goniatites, Posidonomya, &c., together with scales of fishes." — Trans. 
Geol. Soc., Manchester, vol. ii., part 7- 
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The ricrieis nn given by the above author is us follows, in descending 
order : — * 

ft. in. 

Black shales, with JtfifHZo-^H'C/en, Goniatites,Posidonomya 111 

Top coal - (nearly) G 

Black shale 6 (J 

Middle coal 8 

Black shale - iM (I 

Shale, with layers of stone - 18 

Bottom coal . . \ '4 

Dark shale 12 

Millstone Grit 

A fine section in beds of this series is shown in the banks of the Irwell 
at Suniinerseat with one of the above coals. They are again seen in 
Bradshaw Brook Ijcdow Turton reservoir. 

The Second Grit or Ilasluigclen Flags. — Tlie shales whicli overlie the 
upper bed of the Third Grit, and which contain one or more thin coal 
seams in their lower part, pass upwards into grey sandy shales witli 
or without flagstones. Whcu they do occur they constitute the Second 
Grit Series or " Haslingden Flags." 

These beds consist of greyish fine-grained micaceous flagstone and 
freestone evenly bedded, and sometimes ripple-marked. Their surfaces 
are also frequently impressed with annelid markings and carbonaceous 
matter. They are very inconstant, passing often into sandy shale. 
Sometimes this change is so gradual that it is difficult to tell whether the 
beds ought to be called " shales " or " flagstones ;'' as an instance of this 
I may adduce the beds which underlie the Eough Rock above Newchurch 
in Eossendale. While on the north side of the valley they assume the 
indeterminate character of "strong sandv shale," on the south side they 
form the excellent flagstones of Cowpe jNloss. 

These flags are very largely quarried in the central pait of our district, 
along the flanks of Rossendale Valley, where they occur in two tliick 
beds. The upper one of these forms the isolated plateau of Cowpe Lowe 
and the escarpment of CoAvqje Moss ; while the lower is quarried at 
Whitaker Piisture at the base of the hill, and shows the following 
section : — 

feet. 
Grey shale - 30 

Sandy shale and flags 30 

Grey flagstone 35 

The total tluekiiejs of shale between the two beds of flagstone there is 
about 150 feet. 

Along the Pendle range north of Blackburn we generally find these 
flagstones lying about 1 5 or 20 feet below the bottom of the Rough Rock. 
They may be seen at Billinge End quarry dipping S. 20 W. at 40-, and 
again quarries in the hill side from Little ]^Llr^vood to Harper Clouo-h. 
In many of tliese sections llie ends of the beds are curiously turned over 
in a direction op[iusile to the dip. They may also )ie seen in a ciuarry 
in Road Park, to which reference will again be made. From this point, 
however, towai-ds the north-east in the directioii of Colne these fla"s are 
either absent or but sparingly represented. 

Ou the eastern borders of the Bnrnloy Basin \\c find feeble representa- 
tions of the flagstones along Thursden Brook jnst under llie Rouo-b 



* " The I,ancaslijre aiid Clit'sliire Coiil-fiel'J, &c."— Trans. Gool. Soc, Jlaut'licster, 
vol. i. p. 79, 
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Rock, and again in ;i quarry west of Hazel Edge, on the nortli side of 
Cant Clough Beck ; but in tlie section iilong Swindon Water, wliicli is 
intermediate between these points, there is no trace of these beds. This 
fact is sufficient to show their inconstant character in tills district. 

Further south we find the flags quarried on (he north side of the 
Portsmouth Valley at Red ^^'ater Clough, but all along the base of the 
Rough Rock from Thievely and Caldcr Ilend southwiird to near Little- 
borough they are either altogether absent or but feebly represented. 
This I attribute not to any wedging out of the Rosseudale or Hasliugden 
flagstones, but to an actual change of these beds into sandy shale. 

The two beds ©f flagstone are well developed in the Whitworth Valley 
north of Rochdale and on Ding Moor. I ha\'e already described them at 
Cowpe, and from thenee we trace them southward to the western slopes 
of Scout Moor, but here the lower bed disappeais and the upper becomes 
of less importance. 

At Haslingden the lower bed alone appears except at Pike Lowe, and 
we trace this bed at intervals on both sides of Ogden Valley, joining on 
the southern sides the plateau of Musbury Heights and Tor Hill. We 
also find both beds, though sometimes composed as much of shales ns of 
flagstones, outcropping around the western and southern flanks of 
Holcombe Moor. 

There are large quarries in the upper bed at Edgworth, and sections 
are opened up in both along the railway north of Entwistle station. 

North of Rivington the Haslingden flags are very well developed, and 
are well shown in the valley below Anglezark Lead Mines and on the 
western and southern slopes of Rivington Pike. They are aKo seen at 
Tockholes and in the river Roddlesworth. 

First Grit or Rough Rock. — This is the uppermost member of the 
Millstone series, and forms an easily defined margin for the whole area 
of the Coal Measures. It is often called " the Sand Rock," from the 
facility with which it can be ground down or weathers into sand, and 
it often has a thin coal-seam lying on its upper SVirface or imbedded in 
the upper portion of its mass. This coal is known as " the Sand rock 
coal."* 

The Rough Rock consists of a coarse-grained grit passing into con- 
glomerate of white quartz pebbles which reach, but never exceed, the 
size of a bean. The particles of quartz are held together in a baseof 
felspar, with which flakes of mica are mingled. The rock is often soft 
and crumbly (though not universally so), and is traversed by planes of 
oblique lamination, or current-bedding. It contains fragments of car- 
bonised plants and trees. In colom- it is generally yellowish, but 
sometimes reddish or white. It is often quarried fox building purposes. 

AU along the southern slopes of the Pendle range, from Whittle-le- 
Woods to Colne, the Rough Rock rises at high angles from beneath the 
Lower Coal-Measures, forms generally a ridge or rocky bank ; but 
in a few places it is of so soft a nature that it produces no feature ; 
and so far from obtrusively thrusting itself on one's attention, requires 
to be diligently sought after. This is the case north-east of Fence. 

At Hoghton Towers the Rough Rock rises into the form of a lofty 
hill, overlooking the country both to the north and south, and termi- 
nated on the east side by a deep ia-\ine, through which flows in a rocky 
channel the river Darwen. It consists of massive yellow and purple 



* Also called " the feather-edge coal," a name given it ty Mr. J. Plall, and adopted 
by Mr. Binney, descriptive of the feathery fracture which the coal exhibits in some 
districts, but not always. 



44 



GEOLOGY OF THE BUKNLEY COALFIELD, ETC. 



grit, whicK can be extractpd in bloclfs of tlip largest size, and in tlie 
quarry at tlie Oiistern end of tlie cliff shows a face of rock of abont 1.50 
feet in height. The dip is 15° E. of S. at 20", and the rock attains a 
total thickni'ss of abont 400 feet; — a thickness surpassing tliat in any part 
of Lancashire, or probably the north of England. 

On the southern side of thi' Blackburn trough the Rough Rock re- 
appears, rising toward the south-east at Pike Low, Wilhnell, and Stan- 
worth Edge, crossing the valley of the Eoddlesworth at Star worth 
Wood. AtFiuington Brook il is crossed by a fault luivius;- a downthrow 
to the east. 

The course of the Rougli Kock maybe traced along the heights above 
Pleasington, Billinge Hill, and Revldge, where it presents the appear- 
ance of a sloiiiug wall of conglomerale at the liead of Blackburn I^irk. 
Here the dip is S.S.E. at 40 , wdiilc further on at Royshaw Hill the 
angle is 4.J--50'^'. On the east side of Harwood Valley the rock niaj^ be 
seen in a cpiarry above Peacock Row clipping under grey shales of the 
C'oal-Measures. Along the ridge above Harwood it may again be 
seen in the little rills which descend the hill, or in quan-ies which 
are worked principally lor the sake of the Haslingden flags. At Harper 
Clough quarry the " sand-rock " coal appears ; it is of impure quahtv, 
and rests on a bed of fire clay which is used for the manufacture of 
bricks and tiles. This coal is again seen at Har\vood Edge. 

At the eastern end of Read Park the late Mr. Fort opened out a very 
interesting section in this rock and the underlying beds, having cut a 
road through the cliff of Rough Rock into the underlying flagstones. 
This section, of which a sketch is given, is particularly interesting, as it 
shows the base of the Rough Rock resting on an eroded surface of the 
ehales. 

Fig. 12. 




Section in Read Park. 

A. " Haslingden flags." E. Sandy shales. 

C. Rouo;h rock or first Millstone Grit. 



At Ridgaling the Rough Rock is terminated against a faidt which 
tlu'ows it down on the S.W. Nor dues it appear behind Higher- 
ford owing to the presence ol' a largo fault which brings the Coal- 
Measures against the Third (irit. On crossing a large fault wdiich 
ranges nearly north and south we find the rock again in the valley west 
of Colne, forming the ridge on which that .ancient town is built. 
A good section is shown in the brook. South of the town, and below 
Winewall Bridge, the junction of the Rough Rock with the Lower 
Coal measures may be seen. 

The Rough Rock is quarried at Winewall, and may be traced at 
intervals southward forming the ridge above Stag Hall, until broken oft' 
by a fault at Oaken Bank. By this fault the beds are uphea^'ed to the 
south, and crop out along the natural cliffs of Deerstune Moor. The dip 
is here S.S.W. at 10°, but at Willy Moor the dip changes, and the 
beds dip to the W. along the ridce of Red Spa Moor, crossing Thursden 
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Brook at iS'ew Bridp-. Tln>vo they meet with a I'ault by which they 
arc thrown down on tlie sonth-west" about 40 yaids, and they may now 
be traced in a due soullnvaid direction forming; a rocky ridge aerosN 
Entwistle Moor, Wether Edge, Slicddon Edge, and .Stipcrden Moor, as 
far as I'ortsmouth Valley, where they tt-rminate in a tine wooded cliff 
forming the western bank of Red Water Brook. 

Al the foot of this clitf the Eough Ecjck is terminated against the 
C'liviger fault by which it is upheaved on the south, and forms the cliffs 
along the side of Thiexeley Scout. The throw of this fault opposite 
Cornholme is probably not less than 400 yards. 

From Thievcly Scout southwards the Rough Rock may be easily 
traced over the moors by Heald ]\loor, Flown Scar Hill, Lumb Foot in 
Dules Gate (where it contains "the sand-rock coal" eight inches in 
thickness), across the upper part of Howroyd Clough, over Oatley Hill, 
Weather Hill, and Shore Moor, and is ultimately terminatixl at Long 
C'longh, north of Littleborough, against a north and south fault passing 
by clough Mill. This fault may be seen in a little dell west of Dear den's 
Pasture. All along this easterly outcrop the Eough Rock has an average 
thickness of 70 feet. 

Over the centre of the district the Rough Eock is spread over con- 
sitlerable tracts owing to the horizontal position of the beds along the 
Eosseiidale anticlinal arch. It forms the flanks of Whitworth Valley, 
spreads over the plateaus of Brand wood Moor, Coupe Moss, and Kuoll 
Moor. Over this area it is accompanied by the sand-rock coal, which 
is sometimes workable, as at Tonacliffe, where it is 17 inch(js thick, at 
^^'oodhouse Lane, and north of Ashworth. On the other hand we find 
it thinning down to four inches on the southern bank of Fern Isle Brook 
about a mile west of Whitworth. 

At Bacup the coal occurs near the centre of the Rough Eock insteail 
of on the top, as at Knoll Moor near Eochdale. It varies in thickness 
from 12 to 18 inches, resting on a rough fireclay; the coal is of inferior 
quality. Sections may be seen in Sheep House Clough, and quarries 
both on the east and west sides of Bacup Valley. 

The sand-rock coal has been rather extensively worked on Scout 
Moor above Edenfield. It occurs about the centre of the grit \vhich 
forms the crest of the ridge, and has been got both l.iy tunnelling and 
pitwork. On the west side of the moor the roof is coarse grit, and the 
outcrop may be seen at the head of Gate Brook. Further east, however, 
at the top of Grane Eake the roof is shale, and forms the base of the 
Lower Coal-measures. The average thickness of the coal on these moors 
is about 15 inches. 

The Rough Rock forms the upper escarpment and part of the table- 
land of Holcombe Moor, and near its centre we find the sand-rock coal, 
which may be seen cropping out in the cliff above Holcombe village, 
where the following section is shown : — 

r Coarse-grained grit 

Rough Rock j g°;^y ^-^jg^_^,-y 

I Coarse yellowish grit 
Fine-grained greyish flagstone - 
Gray sandy shale 

The outcrop of the coal is obscured all along the western escarpnieul, 
but it may be seen in several of the watercourses which' descend from 
Wet Moss in a north-easterly direction. At Fall Bank Clough the coal 
is two feet thick and has a sandstone roof. 

The grit is well shown at the southern end of Entwistle tunnel. 
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forming in one part the face of a fault. It also forms a band round the 
base of Turton Heights, and along the eastern and northern flanks of 
Darwen Moor. We tind it again at Bunker's Hill, south of Blackburn, 
where the sand-rock coal has been worked, and from this it may be 
tiaeed southwards by Tockholes Fold, Higher Hill Delf, to Ryal. We 
al^o find the same rock forming the escarpments of Haslingden Moor 
and C'ribdcn Moor, and running up the valleys of Goodshaw and 
Eaxcndcn, where it is terminated by a downthrow fault which crosses 
the valley north of the quarry above Baxenden railway station, 
bringing in the Gannister coal. For further details regarding the 
position and nature of this I'ock at various points along its course I must 
refer tlie reader to the Giolngical Maps thomsi'lve.-;. — E. H. 

The Cniintri/ on the Eastern Side of Sheet 92 (S'. (V., bounded by the 
Great Boiilswortli Fault on (lie south, the Trawden Valleij Fault 
on the ices/, and the ]'allei/ in whieh rtins the East I^ancashire 

Radwui/ on the west and. north By W. GuNN. 

This <listrict comprises two anticlinals and two syDcIinals, ranging in 
a general south-west and north-east direction. Commencing on the 
north, we have first the Carlton synclinal, between Carlton and Kelbrook, 
comprising the Yoredale Grit of Carlton, Elslack, and Thornton Moors, 
rising to an elevation of 1,274 feet above the sea at the beacon on 
Pinnaw. The extensive lowlying moss between Salterforth and Foul- 
ridijv may be considered a detached part of this synclinal shifted west- 
wards by the great Barnoldswick Fault. Next we have the Lothersdale 
anticlinal, the axis of which ranges from Roger Moor by the limestones 
of Dowshaw and Eayglll Delfs in Lothersdale to Park Plead Quarry and 
Curlow Beck. The Eeedshaw Moss synclinal lies between Trawden 
and Ickornshaw. and is but an easterly extension of the Burnley basin 
detached by the Trawden Valley Fault. The remaining anticlinal may 
be called the '• Watersheddles anticlinal," and lies between Combe Hill 
and Crow Hill. It has not so well marked an axis as the others, the 
country being much disturbed and broken by faults. Still, if a line be 
drinvn fi'om a point somewhat north of the ordnance station A 1,501 on 
Crow Hill to a point somewhat south of the Wolf Stones, A 1 ,454 on 
Combe Hill, we shall find it will separate nearly all the north and west 
dips from those which point to the south and east. This axis is 
certainly a north-easterly extension of that of Heyslacks Clough, on the 
southern side of Boulsworth, and it maybe considered as the termination 
of that long line of ole\ation marked by the anticlinal fault which has 
l)een traced from beyond Leek in Staffordshire ; for in the country to 
the northward the anticlinals and synclinals are clearly traceable to the 
Pendle system of disturbances. It is noticeable that both the anticlinals 
rr-ferrrd to above coiTcspond to valleys, while the Eeedshaw Moss 
synclinal is a physical basin and the synclinal of Carlton Moor is hilly 
ground. 

The L'arllon 'Syiielinal. 

This is made up entirely of' Upper Yoredale Rocks, the main mass of 
hilly iroiind being ucenjiicd by the Upper Yoredale Grit, with the 
Bovfland shales and a liand of limestone cropping out on its flanks. 

The band of liines/onr is neaiiy on the same geological horizon 
as the Lower Yoredale Grit in other places, lying at the base of 
liie bla.els Bowlaiid shales. It is always a thinly bedded, generally 
impure, limestone, much mixed with shale in some places, and in other 
places very chei'ty, c.;/. in the liruoks near Yellisun House. It is gene- 
rally of a grey colour. Sections in it are gi^ en by most of the brooks 
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between Elslack and Carlton, and there are some quarries in it, thougli 
it does not seem to have been burnt for lime. A quarry by the side of 
the road between Elslack ami the Free School will show the thinly 
bedded character of the limestomc, here mixed with shales and a good 
deal contorted. The upper and under lines of this limestone band as 
drawn on the map do not probably keep everywhere tu exactly the same 
geological horizons ; but they mark out a, strip of counti'y where the 
limestones in the shales are more than ordinarily abundant. This band 
corresponds to the Upper Limestone of I^othorsdale, which will be 
noticed further on. 

The Bowlaiid Shales. — ^These arc well shown in most of the becks 
that run down from the Yoredale Grit moois lietween Earby and Caiitou, 
the best sections being in the beck north-east of Thornton Wood and in 
the two branches ot the Ridge Beck, west of Yellison House. They are 
dark, often thinly laminated, shales, and contain in places towards their 
base mudstones and impure limestones. About Thornton Wood and 
Elslack they must be as much as 1,000 feet thick, but nearer Carlton 
the thickness is considerably less. This may be but an apparent 
decrease, however, due to a somewhat conventional base line, as men- 
tioned just now. The upper part of the shales and their junction with 
the overlying grit are well seen in the road leading from Booth Bridge 
to Mount Pleasant. In some places, as in the becks near Yellison 
House, the shales immediately below the base of the grit are fidl of 
large lenticular ironstone concretions. South of Earby these shales are 
entii'ely hidden by drift and alluvium. 

The great spread of Upper Yoredale Grit between Kelbrook and 
Carlton has a well-defined boundary on its north-west side all the way 
round from Earby to Carlton, and its junction with the underlying shales 
may be seen in the becks south-east of Elslack, in addition to the places 
mentioned above. The south-east boundary of (his synclinal of grit is 
not so clear, being in several places obscured by drift, and the actual 
junction of grit and shale is not seen. AVith the exception of the south- 
west corner, high dips as a rule prevail all round this area, and S.S.AV. 
of Carlton, along Park Lane, the beds dip at angles varying from 60° to 
90°. There are many undulations of the lieds in the interior, especially 
east of Earby. The grit is generally thick bedded and moderately 
coarse ; some very coarse is seen in the old turnpike road a quarter of a 
mile north-east of Standrise Plantation. Several bands of shale, some 
of considerable thickness, are intersfratified with the grit. (Jne of these 
is well shown in the beck opposite Carlton Lane Side, where 30 to 40 
feet of shale is seen, interbedded with thin sandstones, and this may be 
the same as that which has been traced by Higher ScarclitF and Rush- 
bank round to near Elslack Mill. This alternation of thin bands of 
shale and thicker sandstones gives rise to marked features in the ground 
east of Thornton High Wood and to the south-east of Earby. But these 
shale bands are always sandy, and often pass very rapidly into sand- 
stones, so that it is not easy to trace them for any distance. They have 
therefore been coloured as sandstone on the published maps. 

Several faults, most of them small ones probably, are seen in the beck 
west of Carlton ; the one seen near Carlton Lane Head may have a 
considerable throw, and it is not unlikely that it is prolonged southwards 
across Carlton Moor and that it passes to the westward of Kirk Sikes, 
as the grit boundary there appears not to accoid Avith the strike of the 
beds. 

The whole thickness of the L^pper Yoredale Grit in this synclinal 
must be at least 600 or 700 feet, and is probably more. 
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Thx: Lothersrhi.lv AitticUndl. 

Under this heading will be described the huieatuiies of the valley of 
Lothersdide, ;i,nd all the beds above on the south side up to the base of 
the Kinder Scout Grit. The following is a general section of the beds 
in this district : — 

Thickness 
Kinder Scout Grit of Sweet Brow and Surgill Rough. in feet. 

r Shales - - 1 

Upper Yoredale Shales of J Sandy shales and tiles about 800 

S"Wll - -1 Shales ■ -J 

Yoredale Grit, with subordinate shale-bands, of Roger, "I (mjjg ;^()o 
Hawshaw, and Tow Top Moors - - J ' 

{Black shales - - "| 
Dark shales with thin ^ about 750 
limestones - - J 
Limestone of Hawshaw Slack Delf / thinly-bedded with \ ^hnut '^( 
and Park Head Quarry 1 shale-bands - / 

{Shales - -"1 

Shales and thin lime- ■, , ..,.r. 
stones - - Huite 1,000 

Shales, some sandy -J 

3,.550 

Limestone of Dowshaw and Raygill Delfs, at least several hundred 
feet. 

It will be seen from the above that there is no Lower Yoredale Grit 
in this valley. There is a trace of grit at the top of the Limestone in 
Dowshaw quarry on the south side ; but this canuot represent the 
Lower Yoredale Grit of Twiston Moor, and it must be much nearer the 
top of the Carboniferous or Scar Limestone. 

The lowest beds seen in this dale are the two detached masses of 
Limestone which have been so largely quarried for lime at Dowshaw 
Delf and Eaygill Delf. They may possibly be identical with the Thorn- 
ton Limestone, but one cannot be certain about the matter. Between 
the Thornton Limestone and the Yoredale Grit at the top of Thornton 
High Wood there nppears to be quite 3,000 feet of beds ; while in 
Lothersdale, between the Limestone and (he Yoredale Grit, there 
appears to be not more than about 2,000. Still neither of the sections 
is perfectly clear, and the Lothersdale one may be considerably thicker. 
The Thornton Limestone is supposed to be the equivalent of the Sear 
Ijimestone of Clitheroe, so that the Lothersdale Limestone may also bo 
the equivalent of the same. 

The limestone is of a light blue or grey colour, and the bedding is 
well marked. Professor Phillips, in the second volume of his Geology 
of Yorkshire, mentions these light-coloured laminated limestones of 
Lothersdale, and notices that they hold strings ol' c'alc spar and veins ol 
sulphate of barytes, termed locally cawk veins.* There are three of 
tlu'se cawk veins at Raygill Delf, varying in thiekness from 6 inches to 
6 feet. The two principal ones dip to the south, and range nearly 
W. by N. and E. by S., parallel to a considerable throw -which crosses the 
valley from a little north of Surgill Rough, goes past Raygill Clough, and 
b(4ween Green ITill and Dowshaw Delf, and throws down to the south. 
The most southerly of these two veins is well exposed in Raygill 



* For informatiou :ibout these cawk veins, I aw. iadebted to V. W. Spencer, Esq,, of 
Eaygill House, Lothersdale. 



LOTHERSDALE AND EAYGILL. 49 

quarry, the beds on either side being disturbed and apparently dolo- 
mitized. In the work above mentioned a sketcli is given of this altered 
limestone. The northern vein has been long worked, and has been 
followed underground to a depth of 200 feet. The third vein, which is 
thinner, connects the other two, and ranges W. by S. and E. by N. 
Some cherty bands are seen at Dowshaw, where also a thhi grit and 
dark shale maybe seen above the limestone at the top of tin- quarry on 
the south side. In both quarries the turn over of the beds of this sharp 
anticline is well seen. 

Tfie Shales which come above the limestone may be seen in a little 
stream east of Dowshaw Delf, and in Hazel Gill, east of Eaygill Delf, and 
the higher thick shales, sometimes calcareous, with bands of dark grey 
limestone, may be seen in a little stream below Ilawshaw Side, and in 
one that joins Eaygill Clough from the south at the // of the words 
Raygill Delf on the l-inch map. There is not much seen of these beds 
on the northern side of the dale, owing to the drift. 

The Upper Limestone is thinner bedded than the lower, and often 
contains bands of chert. It is best seen at Hawshaw vSlack Delf and 
at Park Head Quarry. The latter quarry is on the centre of the anti- 
clinal, and the beds seem purer than they usually are, and have been 
much worked for lime. A small fault ranging W. 35° N., and throwing 
down to the N., is exposed in the quarry. In several places, as at Haw- 
shaw Slack Delf and W. of Calf Edge, the limestone is contorted. The 
limestone is shifted from Proctor Pleight to Smith Hill by a considerable 
fault which joins the Raygill Clough fault before mentioned near Dow- 
shaw Delf. There is probably a fault between Dowshaw Delf and 
Smith Hill, for the two limestones are much nearer to one another here 
than usual, and it is not improbable that the Raygill Clough fault goes 
on after its junction with the Proctor Height fault, but with its throw 
reversed. There is possibly a small patch of this limestone in Harden 
Beck, south of the fault passing by Brown Hill. 

The Black Bowland Shales are well seen S.E. of Raygill Clough 
and near Spen House, and at the latter place the thin limestones which 
come some way down in the shales may be seen. Tlie Black Slialesmay 
also be seen at Higher and Lower Burnt Hill, where the Yoredale Grit 
is thrown down against them by a considerable fault, and at the bend of 
the road near Bleara Lowe ; and in a guUey between this and Proctor 
Height the ironstone balls which are so common just below the base of 
the Yoredale Grit may be seen, as well as at Kitchen on the south side 
of the dale. 

The Yoredale Grit. — This grit is of the usual character, and there 
are subordinate shale bands which give rise here and there to minor 
features. The grit is very coarse indeed at Hare Law and in a few 
other places. The trend of the grit is very clear from Roger Moor to 
Street Head, excepting a small portion of it east of Ayneslack. The dip 
is high and increases from about 20° on the west side to upwards of 60° 
at Dale End. 

Several large faults all throwing down to the soutli shift the outcrop 
of the grit near Surgill Head, Hawshaw Delf, Ayneslack, Scald Bank, 
and Copy House. The coarse grit of Hare Law seems faulted on both 
sides. The bend round of the top of the grit towards Kelbrook is 
clearly seen, and is interesting when we consider that the Kinder Scout 
Grit above strikes straight across the valley at Foulridge. 

30514. D 
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Upper Yoi-edale Shales. — The best sections in these are in the upper 
part of Snrgill Beck, at Nelly Hole near Scald Bank, in Moss Houses 
Beck neai' Tlare Law, and in Lancashire Gill. 

Thin beds of sandstone are not unfrequent, and these may be 
seen in Mn^-^ Houses Beck. About here tiie general succession seems 
to be — 

Kinder Scout Grit : 

Shales 

Shales and flags 

Coarse grit with shale partinrrs y Upvv'ards of GOO feet. 

Shales 

Shales and tiles 
Yoredale Grit. 

Bcv<l:<liaw JIoss Si/:>dinal and IJ'atersheddles Aiiflcliiicil. 

This will include all the rest of the country under description from 
the base of the Kinder Scout Grit up to the Lower C'luil Measures of 
Reedshaw Moss. 

The Kinder Scout Grit forms a well-marked ridge from Foulridge 
eastward, excepting near the Lancashire- Yorkshire boundary, and N.E. 
of Stone Gappe, where it is obscured by drift. It is of its usual coarse 
character, often a conglomerate, and is specially well seen on Noyna 
east of Foulridge, where it is about 800 feet thick, and includes one or 
two well-marked shale and flag bands which arc seen in IMoss Houses 
Beck. These appear to die out towards Piked Edge, and the whole 
thickness of the grit is less. But in the country east of Stone Gappe 
beyond the limits of this Memoir (in 92 S.E.) these shales set in again 
and swell out the grit to near the thickness above mentioned. It is 
crossed by four out of the live large faults spoken of as breaking the 
Yoredale Grit, and two of them near Oliver and Black Lane End shift 
the outcrop of the grit much more than the width of its outcrop at the 
surface. The large fault near Ayneslack docs not appear to break the 
Kinder Scout ridge, and is supposed to be cut off" by a strike fault put 
on the map in 1 )roken lines. 

Sabden Valley Shales These, which must be from 1,500 to 2,000 

feet thick, include several beds of grit, which are most conspicuous in 
the lower half of the shales. These beds of grit cannot be traced west 
of a north and south line through Laneshaw Bridge owing to thick drift, 
and even east of this line they cannot be traced continuously. They 
appear in places to pass rapidly into sandy shales, and in others to be 
wedged-shaped masses of grit surrounded by shales. As they are all below 
the base of the Third (irit and some of them in the country further east 
coalesce with the Kinder Scout Grit, it has been thought advisable in 
colouring them as grit to give them ihe Kinder colour. The fault which 
crosses these beds near Cowling is seen in a little stream E. of Over 
House ; but the course of the fault past Oliver, between that house 
and Stone Head Beck, is very uncertain, though it is clear a large 
fault must cross somewhere about here. The best sections in the 
upper part of the shales are these : — In Shawhead Beck near Knarr 
Side, black, brown, and purple shales are seen, with ironstone and 
occasional sandstones. Goniatites may be found in places. On the 
Yorkshire side of the boundary in Black Scars Beck dark shales 
with ironstone bands and nodules are well exposed, and some of 
the thin sandstones in the shales may be seen in the upper part 
of Stone Head Beck east of ^Varley Wise. In the shales further 
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down Stone Head Beck, opposite Westfield, some shells were ob- 
tained, and the faults drawn on the map may be seen. Near Gill 
some lead has been obtained from a \ein, which is probably one of 
these faults. 

Third Grit. — This forms a ridge or series of ridges, lower, and not 
so marked as that of the Kinder Scout C4rit, but generally parallel to it. 
However, on the eastern side of the area about Ickornshaw the two part 
company, owing to the decrease of dip in beds above the Kinder, and to 
a large fault which shifts the outcrop of the Third Grit from Middleton 
to Hallan Hill. 

It is composed of several beds of grit separated by shales. The shale 
bands have been put on the map — at least the more important of them — 
■where it was possible to trace them with any approach to accuracy ; 
but they are not always the same in number, nor are they always on the 
same geological horizons, and it must be understood that the portions 
coloured as grit are merely those where the grits are in excess and the 
shales are subordinate, or where it is impossible to say from the want 
of sections whether there is shale or not. 

The lowest bed is generally very coarse and massive, and is best seen 
at Knarrs Hill. It is of a red colour north of Salt Pie. 

The following details of borings made near Laneshaw Bridge will 
show the numerous alternations of grit and shale in these beds : — 



Boring No. 1. 
Soil 

Blue marl \ 

Gravel and Eand J 
White rock 
Blue metal 
Dark do. 
Coal 

Warrant eartli 
White rock 
JDun metal 
Grey rock 
Dark metal 
Light do. 
Dark do. 
Iron band 
Dark metal 
Dark rook 
White do. 
Dark metal 
Light do. 
Linsey 

White rock - 
Linn and wool 
Iron band 
Linn and wool 
Dark metal - 
Linn and wool 
Iron band 
Linn and wool 
White rock - 
Linn and wool 
Light metal 
White rock 
Blue metal 
WTiite rock 



Drift I 



Total of solid strata 398 



ft. 


ill. 


Boring Ko. 2. 




ft. 


in. 


2 





Soil 


- 


1 


6 


34 





Stony marl 


^ Drift 


37 


6 


5 + 


9 


Dun metal 




18 





3 


9 


Dark do. 




7 


9 


48 





Coal 







10 


24 


10 


Grey rock 




3 








2 


Dark metal 




1 


5 


3 





Coal 




1 





12 


6 


Blue metal 




21 


9 


18 





Grey rock 




7 


6 


4 


7 


Blue metal 




4 





41 


8 


Brown rock - 




1 


8 


5 


3 


Dan metal 




6 


6 


6 


5 


Grey rock 




3 


4 





4 


Blue metal 




1 


6 





8 


Grey rock 




4 


7 


4 





Grey linsey - 


- 


3 


10 


16 


6 


Grey rock 




3 


8 


4 


7 


Light metal - 


- 


3 


10 


3 


2 


Grey rock 


- 


4 





4 


3 


Linsey 




1 


4 


16 


4 


White rock - 




5 


11 


21 





Linsey 


- 


2 


6 





8 


White rock - 




16 


2 


28 


5 


Dark metal - 




1 





15 





Coal 







2 


3 





Blue metal - 




U 


6 





9 


White rock - 


- 


13 


6 


1 


4 


Grey rock 


- 


4 


8 


25 


4 


Dark metal - 




3 


7 


3 





White rock - 




3 


5 


3 





Linsey 




2 


3 


55 

18 

4 


6 
6 


White rock - 




9 





Total of solid strata 


173 


2 


398 


7 
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The first of these borings was made by the beck side east of Laneshaw 
Bridge, and includes in its upper portion part of the beds between the 
Third Grit and Eough Eock. The second boring, if I am rightly 
informed, was made considerably north of the village ; and it would be in 
the beds about the middle of the Third Grit ; but as in the beck near 
the beds are seen to be dipping at angles of 60° to 70°, the real thickness 
of the beds is considerably less than is shown in the boring. The beds 
of the first boring are no doubt all higher than those in the second 
boring. The total thickness of the Third Grit series here is probably 
quite 1,000 feet. I was told that near Ball Grove a coal 1 ft. to 1 ft. 6 in. 
had been cut in making a drain, and this would seem to be about the 
horizon of tlie coals near the top of boring No. 2. 

The coarse massive grits of Barn Hill and Steeple Stones south of 
Combe Hill probably belong to the Third Grit series, as also do those 
of Broad Head Moor, but the identification of the grit beds about here 
is very uncertain. 

The Shales below the Rough Rock may be seen in the beck north of 
Monkroyd and at Lumb, south of Ickornshaw, and we often get a flaggy 
band near the top of these which may be the equivalent of the Hasling- 
den Flags. This is seen at Lumb, and south of Combe Hill, but as 
further east it coalesces with the Eough Rock, which also it appears 
to do on Crow Hill, we have gi^en it the same colour as the Rough 
Rock. 

There is an old coal pit near Emmott Hall where coal was got about 
70 jears ago. I was informed by Mr. Wright the proprietor that the 
seam worked was 1 ft. 6 in. thick and 30 yards below the surface, and 
that another coal 4 ft. 6 in. thick had been bored to at a depth of 56 
3';u(ls ; but ]\Ii-. Townsend of Laneshaw Bridge, to whom I am indebted 
for the borings above given, informed me that he had never heard of 
the thicker seam, so that the information about that may be incorrect. 
Some few years ago an attempt was made to get up a company to 
rcopun the old pit, but it was never formed. Mr. Townsend made 
^:c^•eral borings with the object of finding the seam elsewhere, but was 
not successful. This seam must lie in the shales under description. 

Tlir Roui/h Rock can be well seen at Winewall and Raven's Rock 
and up the river Laneshaw. It laps round the small basin of Lower 
C'oal Measures in Reedshaw jMoss, and spreads out over a large area 
north of Combe Hill, where it includes some bands of shale. The two 
beds of grit at Raven's Rock and Bank's House seem both referable 
to it. 

Tlte Lower Coal Measures of Eeedshaw Moss are seen in the river 
Lan<'shaw to consist principally of shales, but one bed of grit is seen 
soulh of Lanesliaw House which may represent the Woodhead Hill 
rock. There are two coals cropping out in the beck which have both 
been worked ; one of these seen opposite Laneshaw House is about two 
feot thick, and I was shown the outcrop of this on the north side of the 
basin, which outcrop is usually concealed by clay. 

The other seam cropping out at the main bend in the stream has a 
bastard Gannistor floor ; it was 1 ft. thick ; the distance between the 
seams I could not well ascertain, but was probably not more than six 
or seven yards, and both seams appear to be much nearer the Eough 
Rock than are the mountain mines at Colne. 

In the river Laneshaw, south of Laneshaw House, a coal 8 inches 
thick may be seen resting on the Eough Eock. 

There is a small patch of Lower Coal Measures south of Crow Hill, 
adjacent to the Great Boulsworth fault. 
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CHAPTER III. 



THE BURNI,EY COAL-PIELD. 

BY EDWARD HULL, F.R.S. 



INTRODUCTORY. 

Although the structure of the Burnley Basin has liceu only slightly 
investigated till within the last few years, yet several ycrj valuable 
memoirs on different branches of its physical structure and pala3on(u- 
logical treasures have been published since the establishment of the 
Geological Society of jManehester in 1840. That very little was known 
of the district before this time may be gathered from the appeal which 
the authors of the " Outlines of the Geology of England and Wales " 
make to the resident geologists of Manchester and its neigliljourhood to 
investigate the geological structure of South Lancashire ; and althoui;h 
in the map and section which accompanies that work the trou,i;:li-like 
form of the Burnley coal-field is indicated, the coal-field itself is passed 
over in silence, and the authors proceed from the discription of I lie 
Manchester or " South Lancashire Coal-field " to that of Ingleton, which 
they designate as the " North Lancashire Coal-field," ignoring that of 
Burnley altogether.* 

* In the following pages I have availed myself of the assistance of previous 
■writers on the geology of the district, amongst whom may be Kpecially named, Sir. 
Ellas Hall, who in his " Key to the Geological Map of Lancashire " (1836) giv«s 
an estimate of the resources of the Burnley coal-basin. — Mr. E. W. Binney, F.K.S., 
" On the Marine Shells found in the Lancashire Coal-field," Trans. Oeol. Sue 
Manchester, Vol. I. (1840). — "On Possil Shells in the Lower Coal-measures," 
Ibid., Vol. n. (1860).— Mr. T. T. Wilkinson, E.K.A.S., " On some Eossil Trees 
discovered at Burnley." Trans. Hist. Soc. Lane, and Chesh., Vol. IX. (1857). — 
Messrs. J. Whitaker and T. T. AVUkinson, "On the Burnley Coal-field," Biili'ili 
Association Report, 1861, and " Abstract of the Principal Mines of the Burnley 
Coal-field," by the same authors. Trans. Hist. Soc. Lane, Vol. XIV. — Mr. T. 'L. 
Wilkinson, " On the Drift Deposits near Burnley." Trans. Geo/. Soc. Manchester, 
Vol. IV. (1863).— Mr. George Wild, " On the FuUedge Section of the Burnley 
Coal-field," Ibid., Vol. IV. (1863).— Captain J. Aitken, " On the Gannister Coal 
and Higher Foot-mine of Bacup." Ibid. Vol. V. (1864). — Mr. J. Dickinson, F.G.S., 
" Sections of the Coal-strata of Lancashire." Ibid. Vol. IV.— Mr. T. T. Wilkinson, 
" Additional Bed of Coal and Cannel in the Burnley Coal-field." Proc. Lit. mid 
Phil. Soc. Manchester, Vol. III. From the authers of some of the above papers my 
colleague Mr. Tiddeman and myself have also received much personal assistance, 
and we are also indebted to the following gentlemen for ready help and information 
— Mr. James Eocles, F.G.S., Springwell House, Blackburn ; Mr. Dixon Eobinson, 
of Clitheroe Castle ; Colonel Towneley, F.R.S., Towneley Hall, Burnley, and his 
agent, Mr. Storey ; Mr. Towneley Parker, Cuerdon Hall, near Preston, and his 
agent, Mr. H. Jobbling, FuUedge Old Hall ; Colonel Every Clayton, of Rowley 
Hall ; Mr. B. Chaffer and his son, Walverden House, Marsden ; Mr. T. Simpson, 
proprietor of Oswalwistle Collieries, and hi.s manager ; the Rev. P. Graham, Turn- 
croft, Darwen ; Mr. H. H. Bolton, of Baxenden and Rossendale Collieries, and to 
the former proprietor, the late Mr. Jonathan Hall ; Mr. T. Beswick, Shorey Bank 
Colliery; Mr. Walsh, proprietor, and A. Taylor, manrger, of Ili'v Fold Colllen , 
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Coal -Me isukes. 
Lon-er Coal-Measiires. 

Tlie Lower Coal-measures, or Gannister Beds, form the largest por- 
tion of the country under description. The tract which they occupy 
has a triangular shape, with its apex at Colne, its base tlie Eossendale 
anticlinal, along which the Millstone Giits rise to the surface, its 
north-western side the Pendle range, and its eastern, the Millstone hills 
of the Yorkshire borders. In its lap it holds the Burnley coal-basin, 
and it sends from its south-easteru angle a long arm southwards to form 
a junction with the South Lancashiie Coal-field in the direction of 
Eochdale. 

The beds consist of fine-grained grits and flagstones, often rippled 
and micaceous, with intermediate beds of shales of divers colours and 
textures. There are also several coal-teams in the lower part of the 
series, known as " Mountain Mines," from the fact of their being found 
generally amongst the hills ; and one of these seams, which in the neigh- 
bourhood of Eochdale and Bury has a peculiarly hard siliceous floor, 
called " Gannister " or " Galliard," is known as " the Gannister Coal." 
The series has as its base the Eough-rock or uppermost bed of Mill- 
stone Grit, and its upper limit the Arley Jli/tc. 

A complete section in the Lower Coal-measures may be obtained 
between the outcrop of the Arley iliuc at Cliviger Colliery and the 
iMillstone Grit at Eedwater Clough, on the northern side of the Ports- 
mouth Valley, and again on the hills south of Dineley, from the out- 
crop of the Arley Mine at Easden Wood to the Cliviger fault at 
Dineley. The general bcction as here presented is as follows : — 

Gciifral Section of the Lower Cod I- Measures, Clicigcr. 

Arley Mine Coal 

Underclay ... 

Grey shale and flagstone (Riddle Scout Rook) 
Grey evenly-bedded flagstone with partings of 

sandy shale (Old Lawrence Rock) 
Grey, sandy, and blue shale 
Fine-grained, thin-bedded, sharp-grained grits 

with shales, passing downwards into tilestones 

(Dineley Knowl) 
Shale 

Irregularly-bedded yrit 
Black Clai/ Coal, in 2 beds (6 in. to '24 in.) 



Darwen ; Mr. J. Place, proprietor, and Mr. llavMootl, manager, of Hoddlesden 
Colliery : the proprietors and manager of Turton Moor Colliery ; Captain Mshwick, 
proprietor of Spotland Colliery, near Rochdale ; Mr. Whitehead, mineral surveyor, 
Rochdale ; Mr. Charles Bradbury, manager of Church Colliery ; the late Mr. Port, 
M.P., of Rued Hall, proprietor of Great Harwood Collieries ; also Mr. Jillett, 
mineral \iewer of Derhy, the head manager, and J. Redfern, underlooker of the 
above collieries; Captain Le Gendre Starkie, Huntroyde Hall; Sir J. P. Kay- 
Shuttleworth, Bart., F.R.S., Gawthorpe Hall ; aUo his son, Mr. Robert Kay-Shuttle- 
TTorth, and manager, Mr. Kingston ; Messrs. Green and CoUinge, proprietors, and 
Mr. J. Jobbliug, manager, of Cliviger Colliery ; ]\ti.'sbrs. Brooks and Pickup, pro- 
prietors of Towneley and Hambledon Hill Collieries ; Mr. Witham, proprietor, and 
Mr. J. Hargreaves, manager, of Altham Colliery. 

It is also right that I should state that in the survey of the neighbourhood of 
Rochdale I had the assistance of my colleague, Mr. A. H. Green, P.G.S. 
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Fireclay, shale - 

Flagstone and hard grit 

Grey sandy shale - - . . 

Black shale with ironstone 

Foot Coal with Gannister and fireclay flour 

Fireclay, middling quality 

Sandy shales ... 

Coal, 40 yards, or Upper Mountain IMine 

Fireclay, middling qualify, passing into shales - 

Coal 

Fireclay - 

Black shale with Goniatites 

Gunnistfr Coal or Movntoiii Mine 

Shales 

Coal, Lowej- Foot Coal - - 

Fireclay, passing into shale 

Flagstone, passing downwards into hard grit 

(Woodhead Hill Rock) 
Park shales (not seen at this spot) 
Coal 
Fireclay 

Coarse grit (Rough Rock). 

In constructing the lower portion of the aboTe section I was much 
assisted by Mr. Matthew of the Haue Brick and Tile Works. Several 
of the above figures of thickness are only approximations, and are pro- 
bably under-estimates. The thickness of the entire series varies from 
1,500 to 2,000 feet in the direction of the Pendle Range.* 

Flagstones. — The flagstones of the Lower Coal-measures are of good 
quality, and held in high estimation. Some of the beds, however, in the 
same quarry come out only as ashlar building stone, and in this case 
are less profitable. The presence of ripple marks or annelide tracks is 
prejudicial to their quality as flagstones. 

The Old Lawrence Rock of Mr. Binney, which is the uppermost flag- 
rock of the series, preserves a very uniform aspect over the whole 
district ; being compact, of a greyish colour weathering brown, micaceous 
and evenly bedded, with partings of grey sandy shale. The following 
section taken at Mr. B. Chaffer's quarry at Catlow, near Burnley, will 
give a general idea of this rockf : — 

Scclioii at (Jcttlow Qitaii'ics. 

feet. 

1 . Local drift clay and gravel - - 6 

2. Fine-grained hard ashlar and flagstone - - 12 

3. Grey sandy shale - 10 

4. Fine-grained brown and grey micaceous flag- 

stone, ashlar, and tilestone - ' ■ 33 

5. Soft shaley rock called "rag " - 6 

6. Ashlar rock - - 3 

Total 70 



■^ See Mr. E. W. Binney's general section of these beds in Trans. Geol. Soc. 
Manchester, Vol. I., p. 75-78. 

t I have to express my obligations to Mr. Chaffer for his personal assistance in 
the sui'vey of this neighbourhood. 
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This rook it, also extensively quarried on Kutwistle Aioor and Worst- 
horn Moor, where it is known as " die Worsthorn liock." Along flie 
southern margin of the Burnley Basin these flags are often worked. 
They oeenr at Loii.ushaw (^)uarry, south of Dineley ; at Crown Point, 
Brown Head Moor, Habergham ; at Hapton Park Scout, and Hambledon 
Seout. These flagstones form the crest of the escarpment, to the north 
of which they roll over, and dip under the Burnley Basin at Hapton 
and Henfield. Sections are shown along Castle Clough, Alfham Clough, 
and at Oakenshaw. The same beds are again brought in on the down- 
cast side of tiie large fault which crosses the moors north of Baeup, 
between Deerplay Hill and Slate Pit Hill at the liead of Dale's Gate* 

Having thus dc-eribed the range and character of the uppermost 
flag-rock, it is scarcely necessary to allude to the others, which follow in 
a position more or less regular ; but it may be as well to say a few 
words regarding the " Woodhead Hill Rock," which lies near the base 
of the Lower Coal-measures, and in an intermediate position between 
the Millstone (jrit and the G-annister Coal, or Mountain Mine {see 
general section above, p. 55). This rock diflfers from the others of 
the series in its variable qualities, though it is ahvays to be found in its 
proper place. Thus at Bacup we find the rock occurring on the west 
•■side of the valley as an evenly-bedded flagstone; but on the east side 
as a highly current-bedded rubbly stone, fit only for rough building 
purposes. In other places, howe\er, it produces a building material of 
excellent (piality and colour, and I would particularly refer to the 
quarry at Wensley Fold, Witton near Blackburn, and to another south 
of Ridgaling, Lowerford near C'olne, as examples. '\\'est of Blackburn 
this rock must be of unusual thickness, judging from its position with 
reference to the Rough Rock and the high angle at which it dips. 
Sections may be seen in it along the valley of the Darwen at Fennis- 
cowles, and for some distance downward^. 

Coal-seams. 

Gannistcr Con], or Moinitdiit Mine. — This is the most valuable 
seam of the Lower Coal-measures, and has been worked at intervals 
over the entire district. It varies in thickness from 18 inches to 4 or 
even 5 feet amongst the hills east of Bacup. It is generally of excel- 
lent quality, though soft, with a laminated structure, and produces a 
coke which is highly esteemed for foundry purposes ; large quantities 
of which are annually produced from the small coal or slack at the 
Baxenden Collieries. 

T/ic 40- Yards, or Ujiper Mduntaiii Mine. — This seam -varies in 
thickness from 14 inclics to 3 feet at Darwen and Oswaldwistle. It is 
usually accompanied by a valuable firecla)' floor, which at Littleborough 
is largely used for fire-bricks and pottery. The samij clay is also 
emplojed at the large works of iMessrs. Brooks and Picup, at Towneley 
near Burnley.^ 

Danven Coal-field. — This little coal-field forms a strip, running 
southward out of the Blackburn basin. It is bounded on the east by a 
large fault, whiidi passes southwards by Oswaldwistle, Pickup Bank 



* Captain Aitken seems to think that one or l^vo points, such as Lowe Hill and 
Tooter Hill, are capped by this rock. 

f The best fire-bricks made at tlicse works are manufactured from a bed which is 
obtained on the moors north of Bacup, amongst the shales and flags which lie above 
tiic Upper Mountain mine. 
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and Edgworth JNIuor to Qinirltdii ; and on the west, by anotlKT lar,nc lliull, 
which ranges in a N.N.W. direction ulont;- tlic A\eslern side ol' Dnvwen 
Moor. 

It is also divided into two longiliidinal segmonls by a large iaull, 
parallel to the others just described, which ruus along the bottom of the 
valley in which the town is situated. The change in the physical 
features of the ground on each side of the fault are very remarkable. 
On the west or upcast side, (he Millstone series, capped by the beds of 
the Coal-measures, are elevated into high moorlands, intersected by deep 
and wooded dells, and bounded by rock}- cliffs and wooded banks. On 
the eastern or doivncast side, the surface presents merely the form of a 
slope gradually rising from the bottom of the \alley to the long ridge 
east of the town along which the old Ii(jman Road to Ribchestcr was 
carried. The position and effects of the fault speak to the eye of the 
observer with strong force as he stands on the edge of the moorland, at 
a height of 600 or 700 feet above the town ; for near him is the oiilcrnp 
of a coal-seam which is worked at a deptli of several hundred feet 
below the bottom of the valley. Taking a line across the fault through 
Over Darwen Church, I have calculated that the throw of the fault 
amounts to more than 400 yards at this point. 

In the Darwen district there are two seams principally Avorked, the 
Upper ilountain Aline — here called the Yard Seam — being three feet in 
thickness, and the Gannister Coal, or Half-yard Mine, the thickness 
being only from 18 inches to 2 feet.* This latter lies 70 yards under the 
former. At 12 yards above the Yard Seam is a little coal of 10 inches, 
resting on a true Gannister floor. This seam may be seen cropping out 
in the deep cutting near the entrance to the railway tunnel. Over tliis 
are shales, and then tlags and tilestones of good quality, which are worked 
in pits belonging to the Rev. W. Graham, at Turncroft. 

As it is stated by Mr. J. Dickinson, in his paper on the Coal-strata of 
Lancashire, the strata which intervene between the lO-inch and the 
Yard seams at Darwen gradually thin out in the direction of Hoddles- 
deu, and at Old Hoddlesden Colliery the two seams come so close as 
to be woi'ked together. In this position they continue for some distance 
northward, but divide at Beltham, when the upper part is called " liie 
Half-yard," and the lower " the Little Coal."t 

The Yard Mine, as well as the Half-}ard, are now nearly ex- 
hausted over the Darwen district. The former is, however, still Avorked 
in Mr. Walsh's colUery at a depth of 114 yards, and here, as well as 
under the tract of ground about Turncroft and Sough Fold, the lower 
seam has not j'et been got. On Darwen Moor the Plalf-j'ard Seam is 
extensively worked by the Messrs. Shorrocks by tunnelling into the 
hill, and the coal is conveyed by rail and steep inclines down into the 
town. At the Old Lyon's Collier^-, the Yard Aline, which forms a little 
outlying patch, was worked, but is now entirely exhausted. It -was also 
worked on Turton Mpor, on the downthrow side of a fault. 

Besides the above, there is also a coal-seam one foot thick, lying ) 8 
yards above the " Half-yard " mine at Darwen. 

At Turton colliery we find the following section| : — 



* Trans. Geol. Soc. Manchester, Vol. IV,, p. 163. 

f- Messrs. Shorrocks, the proprietors of these mines, allowed me every facility for 
the survey of the district, in which I received much assistance from their intelligent 
manager. 

% Supplied to me by Gabriel Garbet, the manager, with the sanction of the pro- 
prietors. 



58 GEOLOaT OF XHE BURNLEY COALFIELD, ETC. 

ft. in. 

Gravel and shale - 51 

Bin Coal - 10 

Rock - - 54 

Shale, kc. 54 

Coal 10 

Fu-eolay - - 6 

Coa?, called "Half-yard Mine" - 1 8 

It is very difficult to correlate these beds with those of the Darwen 
district. They ure probably not identical 

Qiiarlto)i (Old Tuiioii. — The Coal-measures of Quarltou lie on the 
downcast side of a Ian,'/; fault, which ranges in a southerly direction 
from Pickup Bank by \Vickenlow Hill. The downthrow of this fault 
is on the west, and opposite Holcombe Hill ; it must amount to about 
400 yards. Both the Upper and Lower ilountain jNIines have here been 
worked in pits liom 70 to 80 yards in depth, and I was informed by 
John Sedden that the fault had been struck in the workings of the upper 
seam at Quarltou Colliery. 

The general cUp is eastward, at 15" to 20'. The outcrop of the upper 
seam is visible in a little dell north of the farm called " Top of Quarlton," 
and that of the lower or Gannister Coal occurs in abrook-course at Hey 
Head and at Quarlton Fold. The roof is shale, and the floor Gannister 
rock. Further west, and lower down the valley, the Eough Kock may 
be seen in quarries at Knotts and Edgeworth. 

The Lower Coal-measures are again thrown in by a fault ranging in 
a north-westerly direction through Turton Bottoms. Its position can 
be well determined in the railway cutting at Over Houses, Spring Bank, 
Quarlton Vale House, and Wauves Eeservoir, at the western extremity 
of which the beds may be observed standing on end. The coal-field of 
Turton is merely a narrow belt, bounded on both sides by faults. The 
fault at the opposite side may be observed in a ravine, at its junction 
with Bradshaw Brook, to which the name of " Jumbles " has been 
given, ijrobably by the miners, -with reference to the dislocated state of 
the strata. The fault at this point brings down the Gannister Coal 
against the Rough Eock, and the throw of the fault is about 60 yards. 

Littleborough unci IVardlc. — The Coal-measures of this district are 
bounded on the north-west by the uprising of the Millstone Grit of 
Ashworth Moor, KnoU Moor, Tunnicliife, Whitworth, and Shawforth. 
Here the coal-field is contracted to the In-eadth of about half a mile, 
formed by the high ridgo called "Trough Edge" (1,480 feet), which 
justifies its name in being literally a physical trough, on both sides of 
which the Mountain IMiues, with the underlying sandstones, shales, and 
grits, crop out. 

From the eastern liasc of Trough Edge the Coal-measures are bounded 
by a narrow strip of Eough Eock, skirting the flanks of Weather HiU, 
Eamsdeu HiE, House Pasture, and spreading over the top of Shore Moor. 
Here the boundary becomes a fault, which is \isible at the junction of 
Brook Holes Clougli with Horse Pasture Clough, and ranging in a 
iS.S.E. direction by Fox Stones HiU and Calderbrook, crosses the 
Todmorden Valle}', and continues its course southward along the western 
slopes of Stormer Hill, Draught Hill, and Whitakor ]Moor to Longden 
End. 

The strata over the whole of this district have a general southerly 
dip, and arc ti-aversed by numerous faults, which for the most part range 
in a north-westerly direction. Along the southerly part of the district 
the mines arc worked in collieries of considerable depth, but northward 
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the seams rise to the suilViro and ciop out along the flankti of the moor- 
lands, where thoy are worked by adits, and their outcrops can be (raced 
with great facihty. Not only arc lliu Upper and Lower Mountain B'lincs 
here worked, but also occasionally the little seams which lie above and 
below the Gaunistcr Coal, called the " Upper " ami "Lowei- Foot 
Mines." This is indeed often a matter of necessity, as the main seams 
are almost exhausted over a considerable trad, as stated by jNIr. Dickin- 
son.* The highest seam that is worked is one called the " Bassey IMine," 
which, according to the same authority, lies about 30 3ards abo\-e " the 
40-yards" or Upper Slountain ^line. As already stated, this hitler 
seam has a floor of valuable fireclay, which is worked at Littleborough. 

1 shall now trace the course of the Mountain Alines from west to east, 
noting some of the spots where the outcrop may be seen. 

Near ypotland INIill the Gannister Coal is worked in a colliery belong- 
ing to Captain Fishwick at a depth of 130 yards : it is about 2 feet in 
thickness. The outcrop of the "40-yards" Mine occurs at Lower 
Fold, close to a fault of 20 yards downthrow to the S.'\"\'. Higher up 
the valley of the Spodden at Dunnisbooth Wood a fine section showing 
the outcrop of the Gannister Coal is shown in the banks of the brook. 
This is one of the best spots I know of for examinuag the jjeculiar floor 
of this coal. The lower part consists of an infei'ior sandy fiieelay, and 
over this is laid the Gtannister Rock, with an extremely irregular floor, 
varying in thickness from one to two feet. The rock is as hard as 
flint, and contains numerous casts of Sligmai-ia ficcoides. Upon this 
floor, with a rather uneven surface, I'ests the coal, about 2 feet thick, 
and with a dark gray shale roof. These beds are thrown out by a fault 
which crosses the river at the new railway liridj;e, and brings up the 
iNIillstone C^rit to a higher level. The outcrop of the Gannister Coal 
may be seen at Toncliffe Brow, and it is here accompanied liy the 
" Upper " and " Lower Foot '' Mines. 

At Copy Nook Coal-pit the crop of the Lower Foot !Miuc and the 
Gannister Coal may be seen. The Gannister rock is there a yard in 
thickness. The Upper Jlountain, or "Half-yard" Jline, as it is here 
called, may be traced almost step by step along the upper slopes of 
Trough Edge, Middle Hill, and Rough Hill (1,42.5 feet). It is there 

2 feet in tliiekuess, and has a thick floor of fireclay. 

TheWardle Valley, which is traversed by Higher Slack Biuok, forms 
an anticlinal, as the beds dip into the hills on both sides. The centre 
of the valley is formed of " Woodhead Hill Rock," On the eastern 
side the Gannister Coal may be observed cropping out at Scotch Cote 
Spring, where it is 2 feet 3 inches in thickness. It may be traced 
southward by Further Barn, Bank Hey, High Barn, and the brook- 
com'se a little above Wardle, where it dips to the south and disappears 
beneath the river bed. The outcrop is weU shown again at Clough 
House Brook, with a fine exposure of the Gannister rock, which is here 
very siliceous, weathering with the appearance of White Quartz rock. 
The outcrop of the Upper Mine is again seen in the banks of Ryding's 
Dam, with a shale roof, in which Goniatites, AvicuJo-pecten, and 
OrtJioceras are abundant. At Small Bridge Colliery the Gannister 
Coal, less than 2 feet in thickness, is worked at a depth of 120 yards, 
and again at a depth of 126 yards at Cleggs AVood Colliery, by Messrs. 
Knowles. On the upcast side of a fault which passes along llie east of 
the pits, the Upper Miue is brought to the surface, and crops out along 
the crest of Cleggs Wood HiU, where the fireclay of the floor is 
extracted. 

» Trans, Geol. Soc, Manch,, Vol. IV., p. 161. 
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The outcrop of Iho Upper ]\Iiue may )«■ traced along the side of 
Starring Hill and East Hill, and that of the Lower near the base of 
East A\'ood. At Higher and Lower Shore Hamlets the Woodhead Hill 
Rock rises to the surface in very massive proportions, dipping beneath 
the Gannister Coal to the westward, and is broken oif by a large fault 
on the rise, which brings iu the sandstone of Hake Foot Quarry, which 
occupies a position some distance above the Upper Mountain Mine. 
The apiiearaiiee of the rocks on each side of the fault being so like, and 
the dip nearly the same, one might easily suppose them to be identical. 

The outcrop of the Gannister Coal may be observed at Ealees Wood 
above Lane Foot, and may be traced southward by Whitaker to Syke 
Farm. Along this outcrop the dip is eastwardly, but the beds rise agaiu, 
crop out, and dip to the west on approaching the great fault before 
described as passing along the western slopes of Whitaker Moor. My 
colleague, Mr. A. H. Green, who assisted in the survey of this neigh- 
bourhood, gi\ es the fbllomng section at the outcrop of the Gannister 
Coal at Whitaker Coke Kilns : — 

ft. in. 
Flaggy sandstone - - - „ ,, 

Grey shale - 2 6 

Coal - - 1 10 

Gannister Hoor - - 

The outcrop is again visible at Lydgate, iu the brook, and at the top 
of the bank ; that of the LTpper Mine, with its yellowish fireclay floor, 
and the enip of both seams, may be traced along the side of the brook to 
the bank- fjf the canal at Pike House Mill. 

On the north side of the valley of the Roch the Tapper Mine can be 
traced from Whitfield to Handle Flail Colliery, where it is worked by an 
adit and is 2 feet to 2 i'eet 3 inches thic;k with a fireclay floor and a 
black shale roof. At Ringing Pots Hill the outcrop of the Gannister 
Coal may be seen in two places in close proximity to a large fault 
with an east^vardly dip which would seem to bring it in under Gander 
Hall. 

At Long Clough there is a coal-seam only a few feet abo\ e the Rough 
Rock, and therefore near the base of the Lower Coal-measures. It lies 
about 5') yards below the Gannister Coal which crops out on the bank 
above the brook. The eoal is about 18 inches thick and of inferior 
quality. It is probably the seam known in some places as the " Lower 
Yard Mine," and called by Mr. Binney in his tabular view of the coals 
of Lanciishire " the Bassy Coal."'* 

Baciip Coal Dislricf. — This district is connected with that of Little- 
borougli by the narrow neck of Trough Edge. It extends along the 
northern side of the Valley of Rosscndale as far west as Goodshaw and 
Wolaw Nook, and crossing the hills along the line of the Thievely Fault 
at the northern l>ase of Dirplay (or Deerplay) Hill, it follows tiie line 
marked by the fringe of Rough Rock which crops out along the southern 
side of Portsmouth valley southward to Weather Flill. 

The outcrop of the Lower and Upper Mountain Mines may be observed 
ou the western side at Shackleton Holmes, both being 2 feet in 
thickness and 67 yards apai't. Here the Gannister floor is on the point 
of disappearing. Continuing on the westerly crop we find both seams 
at Hogshead Colliery, with shale roofs; but about half a mile further 
north a change takes place iu the roof of the Lower Mine, in that the 
shale roof is replaced by irregularly-bedd<'d sandstone, which according 

* " On the Lancashire and Cheshire Coal-iield." Trans. Geol. Soc. Manchester, 
Vol. L, p. 77, 
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to Captain Aitken,* who haa voi-)' carefully investigated the geology 
of this till lately inaecessiblef district, attains a thickness of 60 feet 
and upwards. At the entrance to Oaken Clongh Colliery the sand- 
stone roof may be seen resting on an eroded surface of the coal, here 
32 inches in thickness, which is its average lliickness around Bnciip. 
At High Houses and Old Hey on the western edge of Eeaps Moss the 
outcrop of the Upper JVlountain Mine may be seen. The roof is black 
shale with bands and nodules of ironstone. The distance between the 
two seams is about 55 yards, and at 12 yards above it is the Upper Foot 
Mine, to which I shall recur when I come to speak of the eastern and 
northern outcrop. 

The outcrop of the seams may be traced either by workings or by 
other indications along the sidesof valleys of the Irwell and Greave 
Brook to near the heads of these dells, when they are cntofi' and thrown 
down on the north-east side by a fault which may be called " the Irwell 
Springs Fault," as it has doubtless some influence in producing the 
springs which are the sources of the Irwell along the base of Dirplay 
Hill. 

At Grime Bridge Pit, one of the Baxendell collieries, the Gannister 
Coal is worked at a depth of 33 yards ; the coal is about 2i feet thick 
and crops out at Carr, Lower Dean Head, Nab Plantation, Nab Rough, 
and Bent Hill adit. The fault which traverses the district in a north- 
westerly direction from behind St. John's Church, Bacup, to IMeadow 
Head in Goodshaw liooth, was laid down on the maps with the assist- 
ance of ^Ir. H. H. Bolton, of the Basenden and Russendale collieries. f 

At Gambleside there is a fine opportunity of observing the outcrop of 
both the Upper and Lower Mountain Mines. The Upper caps tjie hill, 
being only covered by a few feet of fine grit resting on sliale, and has a 
fireclay floor. Below this there is a scries of sliales about 50 yards in 
thickness, with a little flagstone in llie cen(re, and then the Lower 
^lunntain Mine, 3 feet in thickness, with a Gannister floor ; tlie section 
occurs in the lane leading from Gambleside to the reservoii'. The seam 
here contains numerous pyritous and earthy nodules which require to 
be picked out before the coal is sent to market. These strange and 
unwelcome visitors are not uncommon over this part of the countrv. 

Returning to the eastern side of the Bacup district, we find a re- 
markable change in the thickness of the Gannister Coal caused by the 
junction of the Upper Fuot Mine with this seam, and a corresponding 
increase in the thickness of both these seams, so that the union of a seam 
usually less than a foot along with another of an average of 2 feet pro- 
duces a solid seam of 4 or 5 feet in thickness. The manner and 
phenomena of the junction of the two seams are now well understood, 
owing to the circumstantial account thereof by Captain Aitken, published 
in the Transactions of the Geological Society of Manchester, § accom- 
panied by a diagramatic section taken in the workings of the coal 
under Tooter Hill. The line of contact lies in a direction nearly N.W. 
and S.E., passing under Tooter Hill to the north of Foul Clough Colliery 
on the eastern side of Trough Edge.|| The junction of the two seams is 

* " On the Gannister and Higher Foot mines of Bacop &c. Trans. Geol. Soc. 
Manchester, Vol. V., p. 186. 

t I mean till the railway was made. 

j To whose kindly assistance I am much indebted. The late Mr. Jonathan Hall 
also rendered me much aid in the survey of the district about Haslingden. 

§ Vol. v., p. 185. 

II At this adit the thickness of the seam is 2 feet 3 inches before the contact ; but 
further north, at the " Wreck Beds," the seam at its outcrop is 5 feet after the contact 
of the upper and lower seams. 
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very abrupt, and takes place apparently along the side of a sudden depres- 
sion of one part of the coal-bed, or the elevation of the other. The hollo-\v 
part has then Ijeen filled to a level with the sandy matter which forms 
the roof of the lower seam, and over the surface of this plane the upper 
foot inine passes across to unite with the lower thick seam. At the 
point where the depression occuis the coal is traversed by numerous 
slickensides and joints running at an angle of 4.5° to the board or cleavage 
of the coal, having their surfaces coaled with a thin layer of oxide of iron, 
and called by the miners " gagantails." "After the union of the two 
seams," the author of the paper quoted above lemarks, " a marked 
" diiFereuce takes place in the thickness and quality of the coal, the 
" character of the roof, and in other respects. The coal is not so good 
•' in quality as the Yai-d Coal (the name applied to the Gannister Coal 
'• at Bacup), and is consequently better adapted to the purpose of gene- 
" rating steam than for domestic use, and distributed throughout the 
'• entire mass are found numerous balls generally named 'buUions.'" 
The roof is a strong black shale, in which are found flattened nodules 
known as "baum pots."* 

Besides the spots already mentioned, the outcrop may be well seen at 
Dules Gate brickworks, where the coal is 5 feet thick. About 70 yards 
above it is the Upper Mountain Mine, 18 inches in thickness, with a 
fireclay tloor of 4 feet used at the brick and tile works. In the black 
shale roof of this seam Aricnlo-pccten occurs, and in the roof of the 
underlying 5-feet seam Gonialites, Aricido-pccten, and Posidonia.^ 

From Uules Gate the outcrop of the Gannister Coal may be traced 
along the eastern side of the moor by springs, and occasional old 
workings, to the picturesque and precipitous ravine called in the upper 
part Green's Clough, and in the lower " Beater Clough." Along Beater 
Clough the brook is precipitated over several cascades formed by ledges 
of grit and flagstone down to the Portsmouth Valley. 

On a-'cending the valley we find the beds dipping to the S.W., and at 
an elevation of about ."i.jO feet above Portsmouth we meet with the 
Rough Eock cotitaining " the Sand-rock Coal ;" a little above this 
" the Woodhead Hill Rock," producing a cascade, then shale sirrmounted 
by " the seat rock " of the Gannister Coal. A rare and very beautiful 
plant is here to be seen. Just below " the seat rock " a tunnel has 
been driven into the side of the hill through shale for the purpose of 
working the coal. This tunnel is probably many years old, and its sides 
are covered with an extremely minute moss, which when seen at a 
certain angle with the light presents a dehcate green iridescent lustre 
similar to that of the wing of some birds. The lustre can only be seen 
under the shade, and the plant itself is almost imperceptible to the naked 
eye. It is known as " the shining moss." Seldom does the outcrop of 
a coal-seam offer so great an attraction as at this spot.J 

Higher up the brook course we come to the outcrop of the Upper 
Mountain Mine, 2 feet in thickness, with a roof of black shale containing 
fish scales. The outcrop of both the seams may again be found on the 
moor above Thievely Scout, and near to the spot where they are termi- 
nated against the fault at Black Clough. The crest of the escarpment 
of Thievelv Scout is here formed of the Woorlhead Hill Rock. 



* Supra cit., p. 187. 

t 5Ir. B. W. Binney, " On the Marine Shells of the Lancashire Coal-field." Trans. 
Geoh Soo. Manchester, Vol. I., p. 87-88. I Lave also myself seen them at South 
Graine in the roof of the 5-feet seam. 

% I am indebted to Mr. Joseph Sidebotham of Manchester for the name of this 
moss, Schistosiega pennata. (See Buxton's Botanical Guide, p. 169.) 
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Accrington and Blachhurn Districts. — The tract oversprond by 
Lower Coal-measures between the nortliero outcrop along the fl.nuks of 
the Pendle Range, the southern outci-op on the moors near Haslingden, 
and having its eastern and western limits at Wholaw Nook and Hoghton, 
has an area of about 40 square miles, the i;-reater part of which contains 
the Gannistcr Coal, and a smaller portion the Uj/jicr Mountain 
Mine. This tract forms the south-western limit of the Burnley basin, 
the offshoots from which towards the south have already been descrilied 
under the head of the Darwen and Bacup Coal-districts (pp. 56 and 60j. 

Over the greater part of the Accrington district the strata lie in a 
position approaching the horizontal, as at the Baxenden and Oswaldwistle 
collieries. A very low but appreciable arch or anticlinal may be traced 
in a direction nearly due east and west, branching from the main axis of 
the Burnley Trough at Blackburn,* and ranging eastward by C'owhill 
Moss, AVolfenden Syke, to Chm'ch, where it coincides with the line of 
fault which passes by Hyndburn ; from this it ranges by the Huncoat 
Hall, the " Top of Barlej-," and Hapten Lower Park to Wholaw^ Xook, 
beyond which it gradually disappears. All along the southern side of 
this line there is a southerly dip, as may be observed at the quarries on 
Brandy House Brow, Blackburn, Lunch Barn, and Stanhill, the I'iver 
section at Foxhill Bank, and the escarpments of North Rake and Ilam- 
bledon Scout. The reversed dip, on the northern side of the axi-^, may 
be observed in quarries at Audley Higher Barn, Blackburn, Cowhill 
Fold, Dunkenhalgh Colliery, and in sections along Hyndburn Brook, 
Whinny Hill, in the railway cutting at Old Accrington, in Altham 
Brook, Huncoat, Castle Clough Wood, Park Gate, and Mickle Huist 
Brook. It is, in fact, by the northerly dip of tlie strata along the line 
here indicated that the southern rim of the Blackburn and Burnley 
Trough is formed. 

The district is also traversed by several faults, most of which have 
been laid down on the maps with the friendly assistance of the pi-oprie- 
tors and managers of Oswaldwistle, Baxenden, Church, and Hapton 
collieries. Others have been traced on the ground. 

The highest seam is the Foot coal, a 10-inch seam with a fireclay floor, 
■which is worked at Gaulkthorn Pottery in Oswaldwistle. On the 
southern outcrop, along the edge of the Burnley Trough, this seam may 
again be found in the brook course in Dunkenhalgh Park, ilatt 
Bridge, Oswaldwistle, and Brocklehurst Wood, east of Accrington. 

At a distance of 12 yards below this is the '' Upper Mountain Mine," 
which, from its thickness, is called the " Yard Mine " at Oswaldwistle. 
The outcrop of this seam occurs a few yards above Broadfield Colliery, 
and again at Iccanhurst. On the western side of a fault of 40 yards 
downthrow to the west, passing by Broadfield Moor, this seam forms a 
trough with a southern outcrop by .Town Bent, Duckworth Hill, and the 
northern outcrop by Lottice Brook to Foxhill Bank. In some places it 
is very irregular in thickness, and even entirely absent.f It may be 
found cropping out in a brook course, at Higher Cattle Plantation, on 
the north side of Oswaldwistle Moor. The seam is here 3 feet thick, 
and is brought up at a steep pitch near a fault. On the northern out- 
crop, the Upper Mountain Mine (as is supposed) was formerly reached 
in a pit 80 yards deep near Cob Wall Bridge in Little Harwood. The 
seam was here about 30 incites in thickness. if 



* The exact line of the change of dip at Blackburn lies along a fault which was 
ohserved in a quarry on the south side of the canal, east of the bridge at Grimshaw. 

■)■ As I was informed by the manager of Oswaldwistle Colliery, J. Howarth, who 
gave me much assistance in the survey of this district. 

:]: Information kindly afforded by Mr. Armisted, the proprietor of the colliery. 
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The Lower Dlounlahi Jliiie, or Gcuuiister Coal, is of good quality, 
and produces a coke, but is of variable thickness over this district. 
Thus at IJaxenden Colliery the average is 26 inches ; at Broadfleld 
Colliery, Oswaldwisllp, 18 iuches ; Cabin End Factory, Knuzden, 
26 inches ; '■■ Whinny Edge, Bluckljurn, 18 inches ; Mill Hill, 27 inches ; 
Feniscowles, 20 inches ; and along the southern flanks of the Pendle 
Range the thickness augments considerably, as the thickness at Higher 
Cunliife Colliery was found to be 4 feet.t At Church Colliery, in the 
centre of the district, the thickness is 28 inches ; and at Fulledge, 
4 feet. 

The roof of the t+annister coal is grey or dark blue shale, and the floor 
a fireclay of inferior quality. The outcrop of the seam may be observed 
at Cat Hall Level and Wood Nook Level, Accrington. In the neigh- 
bourhood of Blackburn it may be seen cropping out along the top of 
the cliffs of flaiistont' at Brandy House Brovs^, where it was formerly 
worked ; we there obtain the following section : — 

Outcrop of Ganiihter Coal, south side of BlacMjurn. 

1 . Brown shale - - (about) 

2. Black shale - ( „ ) 

3. Gannister coal - ( „ ) 

4. Fireclay 

5. Shales and tilestones 

(i. Fine grained, evenly bedded, greyish flagstone 

7. Grey and yellow current-bedded grit 

(" Woodhead Hill Rock ") 15 

The extreme westerly point to which the <_Tannister coal extends is 
Feuiseowles, where it was formerly worked to within a few yards of 
the church. In tlie ri^cr banks below, and in the cliffs behind Fenis- 
cowles House, a reddish sandstone — sometimes massive, in other places 
flaggy — may be observed, which is undoubtedly the Woodhead Hill 
Rock, which underlies the coal, as sliown in the alio\e section. 

At the Cherry Tree Firel)rick Works I he proprietor kindly furnished 
me with the following section of the coal-series, but I am unable to 
identify the seams further than to suppose that the lowest is the Gan- 
nister. Mr. W. Livesev, of Mill Hill, also gave me an account of the 
seams near the factory worked by the late Mr. Turner, and I place the 
two sections side liv side. I believe there is a fault between the two 
spots, which is probably the prolongation of the Darwen Valley fault. 
The dip of the strata is northerly. 

Sections ill Lower Coal-measures )tear Blackburn. 

Cherry Tree Works. Mill Hill. 
ft. in. ft. in. 

Drift and strata 
1st coal 
Strata 
2nd coal 
Strata - 
3rd coal 

In the following pages we shall follow the course of these " mountain 
mines " along the southern flanks of the Pendle Range to Colne, and then 
southwards to the Cliviger Valley. 
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■* ProTed by boring made by Messrs. Pilkington & Co. 

t As I was Informed by Mr. J. Swarbrick of the Little Harwood Brick and Tile 
Works. 



LOWER COAL-JIEASUKICS. 6.> 

TTarwood, Hanlroydc, Marxden, mid IVorslliani Dislricls. — Alon;^ 
the southern slopes of the Pcudlo llangc, from (irciiL llnrwood to 
Wheatley Lane, the Lower Coal-measures, although of nu alisolute 
thickness of about 2,000 feet, form but a narrow slip interposed between 
the Millstone Grit and the outcrop of tlie Arley Mine. This is owing 
to the steepness of the dip along two thirds of the width of the belt 
which may be taken at an average angle of 45^' towards the S.S.E. 

Fig. 13. 

Section through Little Harwood JTall, showing the sudden change of 
dip along the foot of the Pcndle Hills. 




SEA LE.VEL 



Scale 

A. Upper Mouutaiu Mine (coal). 

B. Lower Jo. do. 

C. " Woodhead Hill Rock." 

D. " Rough rock " (Upper JlillstoDe Grit). 

E. Grey sandy shales. 

F. " Haslingdeu Flags." 

G. Chiefly shales. 

On the opposite side of the Burnley trough these same lieds, .although 
somewhat reduced in aggregate thickness, spread out lo at least double 
the breadth they occupy on the Pendle side, owing to the more gentle 
inclination of the beds towards the axis of the (rough. The change 
from the high to a low dip, on descending from the I'cndle hillside into 
the plain, is remarkable for its abruptness ; and this is the case from 
Blackburn to Lowerford, a distance of 14 miles. The suddenness of this 
alteration in the pitch is indicated in the woodcut above (Fig. 13), and 
also in a great degree conforms to the change of slope in the surface of 
the ground. The line or axis along which this change takes place, fi'oni 
an angle say of 40° to 5° or 10°, may lie traced as follows : — Commencing 
at P'inisclifle Bridge, at the west of Blackburn, we may draw the line 
through the Market Square to Little Harwood Ilall ; from thence 
through Side Beet, Lower Cnnliffe, and along the south side of Har- 
wood Lower Town. Crossing the river Calder, west of Dunkirk Farm, 
the line then ranges by Simonston Hall, south of the Padiham reservoir, 
High Whitaker, Fence Church, Wheatley Lane, and Higherford ; south 
of this line the angle of dip is seldom greater than 10°, north of it seldom 
less than 40°. 

The outcrop of the Mountain Mines along the slo[)es of the Pendle 
Hills is generally indicated by refuse heaps and pits of a past generation. 
None of these are deep, for the coal all along its outcrop, in the language 
of the country, is " a rearing mine," rising to thd surface or dipping 
beneath with such rapidity, that with the appliances of the last century 
it could not be unwatered at a greater depth than 30 or 40 yards from 
the surface. The difficulty and expense of working a seam with such 
an inclination was .also almost prohibitive. Henceforward, however, 
with our improved machinery and modes of Avorking, these natural 
30514. E 
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obstacles will be overcome ; and Mr. Fort's colliery at Great Harwood 
is the first of several which may bie expected in course of time to open 
out on an extended scale the Gannister Coal along its northern limits. 

The northern outcrop of the Gannister Coal at Blackburn is not 
known, as far as I could ascertain ; but from the position of the Wood- 
head Hill Rock at Wensley Fold and Shear Brow, I should judge 
that it must be near the position of the park gate on the Preston road. 
At Little Harwood (as already slated) the Upper Mountain Mine has 
been reached at 80 yards, and the outcrop of the Gannister Coal muit 
be a short distance north of the Hall. Further to the north-east it has 
been woiked at the outcrop in fields north of " Blow-up."* At Higher 
Cunliff" the scam has been worked from the outci op to a depth of 60 
yards at the canal side ; the dip is S.S.E. at 45°. From this point as 
far as Harwood Colliery the outcrop has not been ascertained; but at 
Pit No. 3 the seam is reached at a depth of 80 yards, and has a thickness 
of 3 feet 9 inches; the dip is S. 20 E. ;i,t 48°, and the outcrop is a few 
}ards south of St. Bartholomew's Chui ch. Aljout a mile to the N.E. of 
this is Pit No. 2, which is the deepest and besl-constructed colliery 
working the mountain along its northern outcrop. f The depth is 
169 yards to the coal, which is nearly 4 feet in thickness and dips to 
the S.E. at 50°. The outcrop of the seam, which is concealed by Till, is 
at a distance of 300 yards on the rise of the engine-house. The seam 
crosses the river Calder between the two bends, Cock Wood Bridge, and 
has been traced through Eead Park, "wheie it was formerly worked from 
the outcrop. Tlie Upper Mountain Mine has also been pro\ ed here to be 
20 inches in thickness. The Gannister Coal crops out at Haugh Head 
Farm, and below Trap House, where tlie dip is S.S.E. at .jO°. North 
of Huntroyde it is broken through by a large fault, ranging in a N.^A'. 
direction, with an upcast to the N.E. This I infer from the relative 
position of the "Rough lioelc, and old pit works on both sides, and also 
from the fact that it is the line of "the Hargreave Fault," which has 
been fully proved further south. 

The outcrop of the Gannister Coal above Cuckoo Hall is w ell marked 
by old pit heaps of black shale, containing Goiiiatitcs and Avkulo- 
]}ecie?i. These were pointed out several years since by Sir J. Kay- 
Shuttleworth to myself and the members of the Geological Society of 
Manchester, on the occasion of an excursion to that neighbourhood. 
The shells above named are tliosc which generally overlie the "Upper 
Foot Mine," or "bullion conl;" liut we may suppose that (as at 
Bacu|)) the two scams arc here united. J At Northwood the outcrop 
may be easily ascertained, from the position of " the Woodhead Hill 
Rock," in the quarry at Hollin Brow. This is a fine-grained irregularly- 
bedded sandstone, full of stems of trees and plauts.§ The dip is S.S.E. 
at 40° or 45°, and from borings which have been made we get the 
following series II : — 



'^ So called from the bursting of tlnj boiler of the engine belonging (o a little coal 
fit formerly at that spot. 

t Opened out under the direction of Mr. Jillett, mining engineer of Derby, en the 
property of the late R. Fort, Esq., M.P., of Read Hall. 

J Such seems to be the opinion of i\Ir. Binney, F.R.S., and Mr. Dickinson, F.G.S. 
Trans. Ocol. Soc. Manchester, Vol. 11., p. 81. 

§ A collection of which has been made by my friend Mr. Robert Kay-Shultleworth, 
ivho accompanied me in the survey of this neighbourhood. 

II These and seyeral other sections were furnished iiith the permission of Sir J. 
Kay-Sbuttleworth, by his surveyor, Jlr. Kingston, to whom I am indebted for much 
friendly assi»t;mce. 
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Borings at XoH Jin- nod Farm, Padihain Ihiijhl,': 



Xo. 1. 

Drift clay, &c. - 

Shale 

Rag (flagstone) 

Shale 

Black shale 

Coal 

Seat 

Rag - 

Black shale 

Coal 

Seat 

Rag 

Shale 

Black shale 

Coal 

Seat 

Rag 

Shale 



Coal (Gaimister seam) 

Seat 

Rock and Rag - 



ft. in. 


9 8 


1 8 


37 8 


4 9 


6 


2 2 


5 1 


26 10 


-1 10 


1 


6 11 


4 11 


19 8 


2 


6 


5 9 


5 9 


69 7 


4 6 


1 1 


13 2 



No. 2. 

ft. in. 

Drift clay, &c. - 1!> 7 

Shale - 13 5 
Rock and shalcv flagstone 

(Rag) ■ 48 4 

Shale - 6 1 

Rock and Rag 48 4 

Shale - 5 8 

Coal - 2 

Seat 5 10 

Rag - 25 1 

Black shale 3 5 

Coal 1 5 

Seat - 1 9 

Rag - 9 9 

Shale and Rag 11 5 

Shale 7 5 

Coal 7 

Seat - 6 2 

Rag - - 8 6 

Shale - 3 1 

Rag - 9 3 

Shale - - - 53 5 

Coal (Gannister seam) 3 11 

Seat stone 2 10 



The thickuebrics of the strata and coals as given above ought to be 
reduced in the proportion of 3 : 4, in order to arrive at the true measures, 
owing to the high dip of the bedp, which -s'aries from 40° to 45°. 

Continuing our course towards the N.E. we find indications of old 
coal-workings by the side of a brook course about 400 yards north of 
Fence Church ; then again along the hill side above Boggart Hole and 
Blackwood farms at Wheatley Lane. Aljove Rushton Thoru Inn ^-^c 
lose sight of all indications of the outcrop, owing to the ovcr.-prcad of 
Drift Clay, till we reach the meadows south of Lower FulshaAv, where 
there are several old pits. Here (judging from the proximity of the 
coal to the Third Millstone Grit, which forms the ridge overlooking 
Rough Lee Water) the beds must be terminated by a largo fault, with 
an upthrow to the north, which is mai'ked on tlie map as ranging in an 
east and west direction to the north of Higher Ford. 

On the south side of Colne Water, at Swindeu Hall, tlie outcrop of 
the Gannister Coal may again be observed in several places between 
that and the Burnley Road. The roof consists of grey and black shale 
with Goniatites, and large concretionary cement stones, called " bul- 
lions." I was unable to make out the thickness of the seam, but from 
appearances it must be considerable, probably 4 feet. The general dip 
is westerly at a small angle, and it is probable the beds are thrown down 
to the south by a fault, as the flagstones and shales between Bolt House 
and Marsden Hall must be considered to overlie the Gannister Coal, 
although they appear to dip under it. 

Along the flanks of Caster Cliff Hill the outcrop of the Gannister 
Coal may be traced by lines of old hollows and pits. Indeed, the whole 
hill seems to have been covered with coal-pits. The roof is black shale, 
which may be seen in the dell below Hill Head, and the top of the hill 
is capped by the Upper Mountain Mine, the fireclay floor of which may 

E 2 



(58 GEOLOGY Oi' THE BUKXLEY COALFIELD, ETC. 

be seen in the bend of tlio road at The Nook. The general dip is 
towards the N.W., and the beds are traversed by a large N.W. fault, 
which passes by Woolpack Row, and maybe seen hi the river bed below 
Colne at Walk Mill. By this fault the outcrop of the coal is thrown 
farther down the hill, nearly to the river side, and the beds arc thrown 
out by another in a parallel direction, which ranges by Park Laitli and 
the entrance to the adit of Fox Clough Colliery. On the east side of 
this fault, which is an upthrow to the north of about 35 yards, the out- 
crop of the coal may be traced from Far Laith to the top of the river 
bank Avest of Winewall, where it terminates against another upcast fault, 
which may be seen in the bed of Trawden Brook. 

Returning lo Caster Cliff, and the outci'op of the Gannistcr Coal at 
(lib Clough Head, we find a little south of this by the lane-side a quarry 
in hard siliceous grit, dipping jN^.W., which I have no hesitation in 
referring to the position of the " Woodhead Hill Rock," underlying 
the Gannister Coal. Between this quarry and those of Crawshaw Hill 
and Catiow there must be a large downthrow fault, as the flagstones of 
C'atlow are altogether a different kind of rock, and lie at a considerable 
distance (ihorc the same coal-seam. The exact position of this fault I 
was unable to ascertain, but from a comparison of the sections in Ihe 
brooks near Marsden Hill, I am of opinion that it probably ranges in a 
jN'.W. direction by Gib Hill. , 

The coal-seams wdiich lie under the Catiow flagstones have been 
j)roved and partially worked at Clough Head. The coal-pit is now 
closed, but I am enabled, through the assistance of Mr. B. Chaffer,* to 
give the following condensed account of the measures passed through : — 

Section at Clougli, Head Coal-jjit, Marsden. 

Drift clay and various strata 

\st Coal (" Black Clay Coal " T) 

Various strata 

2)!^ Coal (Upper Mountain Mine) 

Various strata - 

'■ird Coal (Gannister seam) 

Of the Gannister Coal from 18 to 14 inches were caimel, the remainder 
coal. It was also stated that a fault was found to run W.N.W. and E.S.E., 
with a downthrow on the north side of 14 yards. Mr. Gunn suppilies 
the following paragraph : — 

[The Lower Coal-measures of the Tra-wden Valley form a wedge- 
shaped mass let down between two faults, which may be called the C'ow- 
fleld Fault and the Trawden Valley Fault respectively. The first of 
these, which bounds the Coal-measures on the south, is probably a con- 
tinuation of the fault which throws down the < jrannister Coal near 
(^'olne, and which is sc'cn in the livcr at Walk Mill. It may be seen in 
the small plantation east of Cowfield ; it indicates its presence by a high 
dip of 70° about 300 yards east of Draught Gates, and may again be 
seen in two places near Alder Hurst End. The Trawden Valley Fault 
may be seen at the waterfall near Lumb in the brook that comes down 
from Beaver Cote, and again in the little stream near Stunstead, and it 
shifts the outcrop of the Rough Rock from Winewall to Lidget. The 
strata in this wedge everywhere dip to the north or north-east, and they 
may be seen, e.g., north of Lodge Holme, dipping at an angle of 30°, as 

* Mr. Chaffer was kind enough to ottaiu an account of the sinking from J. Sagar, 
the foreman at the colliery. 
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if to pass under the Rough Rock, while tliat grit close by is lying hori- 
zontal, or even dipping nortli-east. Thus the existence of this line 
of fault is incontestably proved. The part of the valley opposite Alder- 
harrow is thickly covered with drift, so that no sections arc to he had, 
hut opposite Far AA'anless a thin coal is sccui in the beck, with shales and 
sandstones. South of the Corn Mill tlie beds are vertical and a north- 
west fault is seen. l>eccli Beck, which comes down from Cowfield, gives 
a pretty good continuous section, which as wo go up the brook ajipcars 
to be certainly a descending series, though several faults ranging north- 
west cross the stream and make il difheult to make out the beds. We 
have first flaggy sandstones, afterwards sandy shales, and opposit<' the 
church dark shales. Just above a small fault is seen, and a little 
higher up another fault, with vertical beds on one side and horizontal 
beds on the other. Higher up we get flags, tiles, and shales, and a little 
above the junction with the little stream coming from Draught Gates is 
seen another fault, which I suppose to throw down on the west. It is 
perhaps the same as that which ranges east of Fox Clough. I was told 
that near New Laith a coal seam of a foot or so in thickness had been 
dug into in draining. About 100 yards further up the beck than the 
fault last mentioned a fireclay is seen in the bank, with a coal the thick- 
ness of which I was unable to ascertain. Higher up wo get alternations 
of sandstones, flags, and shales, but the section is not continuous. A 
coal 5 inches thick is seen in a quarry about 300 jards north-west of 
Trawden House, oil the western side of the road leading to Colne. The 
details given will show that it is-not easy to say whether workahle coal 
seams underlie this valley]. 

The Gannister Coal (as 1 aui informed) has been bored to in Shuttle- 
worth Pasture, but liere the strata are deeply buried under diift gravel, 
and for want of evidence I have been obliged to sketch in dotted lines 
the uncertain outcrojis of the coal-seams. At Broad Bank Hill there 
are some traces of the outcroj) of a coal-seam which 1 take to be 
that of the Upper Mountain Mine. From this point southward the 
easterly rise of the beds is \erj rapid, from 2.5° to .jO', so that we pass 
from the outcrop of the Upper Mountain ]\Iine to the Rough Rock 
within a very narrow space ; and as there are few natural and no 
artificial sections the outcrop of the coal-seams arc not often exposed to 
view. These outcrops, however, can be very well made out in the 
valley of Swinden Water, on the southern slope of Extwistle iNIoor. 
The Upper Mountain Mine has heie been worked to a small extent in a 
pit marked on the ordnance 6-inch map. The roof is black shale, with 
ironstone, and the dip is W'.S.W. at 25°. I could not obtain a sufficient 
section to make out the thickness of the seam. The outcrop of the same 
coal may be seen again on the south side of the valley, 1 letw een which 
and the former there seems to be a small fault. About 100 yards N.E. 
of this latter outcrop the Gannister Coal, about 4 feet in thickness, may 
be observed rising to the surface at an angle of 30°. The roof of the 
coal is dark blue shale, and the floor, clay resting on fine gritstone. 
The dip is west. Further up the valley we find the Millstone Grit in 
the form of conglomerate. The Gannister Coal may again be seen on the 
northern slope of Worsthorn Moor, where an opening has formerly been 
made mto it. The roof is blue shale, the floor white under-clay, and the 
thickness 4 feet. The dip is west at 40°. Further south the Gannister 
Coal may again be seen cropping out on the southern banks of Sheddon 
Clough ; the shale roof is here fossiliferous. From this point there is no 
difficulty in tracing the outcrop southward to the Portsmouth Valley 
along the banks of Coal Clough and Barn Edge Pasture, where it has 
been worked along a Hue of shallow pits; the dip is here W. 15° 
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S. at 25', and in the ^liale roof may be found the usual fossils, Aviculo- 
]>cctcii papyrdcciis, and Goiddl'iten JJsteri. 

In the neighbourhood of Burnley at FuUedge the thickness of this 
coal-seam, there known as " the Bullion Coal," is 4 feet. Mr. George 
Wild, who has left us a minute account of it as found here, states that it 
often contains large quantities of rounded pyritous nodules in the upper 
part, together with impure cannel. The roof of the coal is dark blue 
shale, containing large rounded nodules of hard calcareous ironstone 
(cement-stones or " bullions ") lying on the top of the coal and often 
jutting into it. These nodules contain species of Nautilus, Goniatites, 
and Orthoceras, also Aviculo-jyecten, one nodule containing remains of a 
large fish, along with a very fine specimen of the tooth of Cladodus.* 

We have now traced the outcrop of these lower workable coals all 
round the Burnley Basin. There can be no doubt they form an impor- 
tant source of supply for future use. The quality of the Gannister Coal 
is generally good ; the thickness varies from 3 to 4 feet, or even more, 
and as yet it cannot be said that around the Burnley Basin, in conse- 
quence of the rapid descent of the beds from the outcrop, anything more 
than the shavings of this great block of coal have been carried away by 
mining. Nor is it difficult to ascertain the area of the Gannister Coal 
still remaining. Taking the area bounded on the north by the outcrop 
from Little Harwood to the fault east of Barrowford, then along the line 
of this fault to the outcrop in the Thursden ^'^alley, then southward 
along the outcrop to Portsmouth, and from this point back again to 
Little Harwood, along the line of the Thieveley and Hambledon faults, 
we have an area of nearly triangular form, over which very little of the 
Gannister Coal has been worked, of about 60 square miles, or 32,000 acres 
in extent. Taking as an average 3,500 tons per acre, and deducting 
one tenth for the quantity already extracted and for loss, we have a 
residue of (in round numbers) 100,000,000 tons remaining for future 
supply from the Gannister Coal. 

It is not too much to assume, considering the value and thickness of 
the seam, that the whole of it is within workable depth, the greatest 
depth under the Burnley Basin being little over 700 yards. I 

Middle Coal-Meashkes, Burnley Basix. 

The Middle Coal-measures embrace all the series of strata, including 
sandstones, shales, and clays of various descriptions, with beds of coal 
from the Arley Mine upwards. The Upper Coal-measures which occur 
in considerable force in the neighbourhood of Manchester are not repre- 
sented in the Buruley district. In the following account of the Burnley 
Basin, I shall avail myself of the information contained in the valuable 
papers of lilessvs. T. T. Wilkinson, F.E.A.S., and J. "\Miitaker,J and of 
Mr. George Wild.§ 



* Trans. Geol. Soc. Manchester, Vol. IV., p. 189. 

t As the fossils of this district have not as yet undergone an iuvpstipntion by ihe 
Geological Survey, I here give the names of those stated by Messrs. T. T. Wilkinson, 
F R.A.S., and Whitaker in this paper on the Burnley coal-field. " The roof of the 
" tipper Mountain Mine (Spa Clough Top Mine) contains rays of Gyracanthus, teeth 
" of Rhiziidus, ^ri'i/(iln-/ilhijs, Holoptijchiiis. That of the Lower, Buccinum, Catillns-, 
" Bellerophon, Pecten, (JiDihttites, and Orthoceras." Trans. Historic Society of 
Lancashire and Cheshire, Vol. XIV. 

X Eead before the Brit. Association meeting at Manchester, 1861, and published with 
additions by Mr. Wilkinson in the Trans. Historic Soc. Lane, and Chesh., Vol. SI V. 

§ " On the Fulkdge Section of (he Burnley Coal-fteld." Trans. Geol. Soc. Man- 
chester, Vol. IV. 
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The Burnley Basin. — Unilersiandiug by the term Burnley Biisiu (liat 
part of the coal-iield enclosed within (ho oulerop of (he Arloy Mine, its 
general shape may be doserilii'd as Ihat of a, pcai-, lyini;- with its i'oot- 
stalk pointing towards Blaekburn and its head lowaids Colne. Owiiiij;, 
however, to the fracture of its southern side by two large I'aidls, Ihis 
pyriform shape is disfigured by a large protuberance extending along 
the Cliviger Vallej', and embracing in fact the mining ground of the 
Cliviger Colliery Company. Tliese iiinlts may be called the Cliviger 
Valley and the Worsthorn faults ; they have a general north-westerly 
direction, but towards the south-cast gradually ajiproach each other, 
though without actually forming a junction. In fact the Wuisthorn 
fault appears to die away along the south side of ^Varcock Hill. These 
faults, by causing a downthrow of the Arley Mine l)et^\'een them, have 
added considerably to the area of this important coal-seam. 

The coal-field is traversed by a series of large faults ranging in a 
north-westerly direction, some of which have been traced right across the 
trough from side to side. The effect of these faults, which for the most 
part throw down the beds on the north-east side, is to break the con- 
tinuity of the southern outcrop of the Alley INIine, and give the margin 
of the basin a zigzag outline. To these faults I shall have occasion to 
refer hereafter. I shaU now give the general section of the jNIiddle Coal 
series, as proved at the FuUedge and Cliviger Collieries near Burnley, 
and on the Gawthorpe estate further to the westward.* 



Cml-series at Fulledi 
Fdlledge Section'. 



Name. 

Suiface soil, cUiy, S:c. 

Boulder clay 

Grey rock and btruug 

viith plauN 
Coal (Doghole) 
Seatstone and blue shale 
Coal (Cliarley) 
Soft blue bhale 



sliale 



(■ Coal, 
Coal (liershaiv) ■{ Shale, 0/9 



ij/8 

0/9 

[Coal, ijO 



Seatstone 
Shales 
Sandstone 

Rag (sandy shales and flags) - 
Shales, with stems of trees and 
plants 

rcoai, 0/8 

Coal (shell bed) -^ Shale, O/IO 
Lc'oal, 2/4 
Bine shale -with plants 
Coal (Burnley 4-foot) good 

quality 
Soft floor 
Grey sandstone 

CoaUOldYard)!^'-};"/^ 

mfenor quality. 1^^p^,_ 2/10 
Grey and dark shale 
Bad cannel 



■c and Gawthorpe, near Bur)ileij. 

GAWTirORl'E Slctiun. 
I Name. 



ft. 
10 

27 

14 
5 

IC 
1 



in. 
U 



II 



9 



4 
24 

y 



10 

3 

10 

4 
1 

24 



117 




10 



ft. in. 



l_,/,lr„lnll Puih. 



Strata - - 21 

Coal (supposed to be the Dog- 
hole) C 



Mary Anne Fit. 
(There is some uncertainly about the 
identification of these strata with the 
Bm-nley series above the " Lower 
Yard " Coal.) 



Strata 



121 



Coal 


3 





Strata - 


39 





Coal (two seams with parting) 


5 





Strata 


58 


6 



Coal (iilary Anne seam) 

Strata 
Coal 



15 

2 



* Furnished by Sir J. Kay-Shuttleworth. The Cliviger section includeb 
lowest seams, and was furnished by Mr. J. Jobbling, manager. 
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Section— 


conthiued. 






Name. 


ft. 


in. 


Name. 


ft. 


in. 


Shaley sandstone (Rag") 


8 


4 


Underclay and shale 


39 


(I 


Hard sandstone 


5 


6 


Sandstone 


4 


C 


Eajr and soft metal 


IG 


2 


Coal, 6 inches, shale 


12 


G 


Dark shale 


13 





Coal-smut 
Shale 


4 
8 


(1 
r, 


Cnal (inferior qu;ility) - 


1 


o 


Coal-smut 


3 





Dark shale with Anthracosia 












robusla (?) - 


13 





Strata with four thin coal-seams 


183 


(J 


Shak' and coal 


.T 





Shale - 


18 





r Coal, 1/1 












( 'uul (Lower Yard) i. Clay, 0/8 


. 2 


11 


Cml 


1 


9 


. Coal, 1/2 






Cornfield rU. 






Soft seat and shale 


17 


10 


Soft seat and shale 


19 





Sandstone and shaley flagstone 


36 





Bag (flaggy sandstone) 


7 


2 


Blue and lilack shale with thin 












. coal-seams containing shells 












and fish remains 


21 


10 


Shale 


28 


5 


Blue shale -with plants and 












SpitOihi^ 


2 





Roof - 





8 


Ciiiil (Low Bottom) (steam 












coal) - 


3 


6 


Coal (four-foot mine) 


4 


3 


Seatstone 


2 


6 


Seat and shale 


IG 


4 


White rock and rag (Tim Bob- 












bin (iuarry) 


l.j 


5 


Rag and white rock (Ightenhill) 


42 


4 


Dark grey shale (large Anthra- 












cosia) 


4 


5 








Iiifi-iiiir Cuiitisl (fmh ruiiiains) 





o 


Shale 


7 





Dark blue sliaU- {Anlhrui-osia 












orald, A/ail/uhi) 


4 


3 








Rag arid rock 


18 


5 


Rag and Rock 


IG 


3 


Blue shale _ _ - 
Black NhuJe «ith fish remains 


3 'J 




5 

4 


Shale 


4 


8 


( '"ul (Fulledge thin bed) 


2 


10 


( 'uul (Yaid Mine) 


3 





Coal and shale - 


7 


8 








SealstiiiK- 


4 












Blue shale, &c. (Anthracosia') 32 4 



Black shale (fish remains, rare) 
■ Coal, 2/4 



Coul (Great Mine) 



Shale, 1 /() 
Coal, 1/7 



Soft seat-earth 
Rock (sandstone) 
Shale, with ironstone bands 
Slaty coal 

Strata supposed to be about 
Cnal 
Rock - 

(irev shale with ironstone 
Cnal (China bed) 
.-5eat 

Rag and rock - 
Blue and black shale 
Shaley Canuel (crackers) 
Black and blue shale 
Rag and rock (Bragget Hay 
Pasture) _ - . 

Black shale 
I!ag rock 
Black shale 
Coal - 



3 



4 11 



G 
30 G 
22 

1 8 



30 


(J 





5 


10 


C 


21 





2 





2 





1;-) 


8 


26 


1 


2 


G 


8 





18 


7 


4 


1 


5 


9 


2 


8 


1 






"Bing or clay, thinning out to' 
a few inches at Padiham, 
and causing the union of 
the yard and G-feet seams, 
Iheii called " 11 foot I 
mine " - -J 



1- 9 7 



Coa/ (G-foot mine) with partings C 2 



The strata below the G-foot have not 
yet been sunk through at Gawthorpe, 
but have probalily been pierced by 
boring between two upca,st faults, 
200 jards S. of Ightenhill Manor 
House, i\here a seam of 8 feet 3 inches 
wa^ reached at 100 yard^. 



MIDDLE COAL-MEASURES. 



73 



Name. 

Scat 

( 'oal and shak' 

1 villi; rock 

(-'oal and I'luv - 

Coal (Cally' M'mo, or Daiidv 

bed) 
Seat 

Raudstoue 
Blue shale and fiappy rock 
(iiey shale, with six iroi St me 

hands 
Black shale with ironstone 

halls 
(ireN shale roof 
<'<.i/7 (Arley Mine, Clivi-er, 

4 feet) - - ' - 

Seat clay, with two bauds of 

coal - 
Sandstone (Riddle Scout) 
Black shale with ironstone 
Hard brown sandstone 

tlao^s 
CJrey shale (" Grey layers 



Section- 
ft. in. 


-conlinued. 


5 
1 




9 
9 

:! 




2 

7 


9 

n 


1 
1 



Nai 



17 



and 



") 



19 

25 



Dark sr<?y shale ~~) 



/^ 7 / A 1 Af A I Section below 
Coat (Arley iNline) ^ ,,. , 

Scat clay and ■Ai:<\v | 
Klai^stune -J 



T/ie Ariel/ Mine, also known as the " Haliorgliam INline," and tlio 
" Mai-silen l''onr-foot,"' is, witliont donbt, Hie most -valuable of all the 
scanis in the Burnli')- IJasin, as it is also the niusl exfensivf. It is avail- 
able for hoiiselioUl, gas, and coking purposes, and fetilie.s a higher price 
tlian any coal in the di.strict. It is generally admitlcd to he identical wifli 
the Arley Mine of Wigan, and the Royley of Oldham and Kdchdale, and 
this opinion is confirmed on th<> gronnds of the quality and thickness of 
the seam, its position in the coal-series, wilh reference to the ^Mountain 
Mines, and the nature of the roof, together with its fossil remains. 
Taking all these things into consideration, it is impossible to donbt the 
identity of the seams in these places. Mr. A\'ild remarks, with relereiice 
to the Arley mine at Burnley, "This coal is .50 inches thick, and the 
" upper half of it, with the exception of a few inches at the (op, is a 
" strong cubical stone coal, giving off a very large quantity of gas (car- 
" burerted hydrogen). There is no distinct parting in the seam, \vl the 
" lower half is a soft, dull-looking dust coal, free from shale, but containing 
'• very much of what is locally called 'rotten coal' or 'lamp black.' 
'• Tlie upper half, or stone-coal, deteriorates in quality as we approach its 
" north-east I 'rn outcrop near Marsden Heights, at which place, and at 
" Marsden, iu some instances it is nothing but a bastard cannel."* In 
the black shale roof the remains of fishes are plentifully distributed, and 
amongst others fine specimens oi Megalichtln/s, Rliizodus, and Diplo(his 
have been found. 

The coal is extensively worked at the Cliviger, Ilabergham, JMarsden, 
Altham, and Hapten Collieries, while a large proportion of the seam 
has already been extracted from the outcrop inwards. Under the whole 
of the Gawthorpe estate, however, it still lies undisturbed. 

Otdci-op of the Arley Mine. — The extreme westerly point to which 
the Arley mine extends along the centre of the Blackburn and r.nrnley 
trough is Oakenshaw. Here we find in Banks \\'ood numerous okl 
hollows and shallow pits, where the coal was worked in former times. 
At this point, however, it would appear that before the coal actually 



Trans. Geol, Soc. Manch., Vol. IV., p. 187-8 
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crops out in the bed of Hyndburn Bi-ook, it is thrown out by a fault 
the position of which may be ascertained opposite the Print Works by 
the chanti;c of dip shown by certain iitigstoucs in the river bank at 
Fiddlers \\"ood. 

At Clayton the Arley mine was formerly worked from the centre of 
the trough to both its northern and southern outcrop.* It was here from 
4 to 5 feet, and even more, in thicliness, and was partly cannel. According 
to the statement of " Old Sagar " much of the coal still remains to be 
recovered. At Altham the outcrop of the coal may be very clearly 
traced in Altham Clough ; on the north side of the canal aqueduct the 
dip is N. at 10^, and the coal is thrown out to the westward by a fault 
of 50 or 60 yards. The underlying flagstones are shown in a quarry on 
the top of the bank between the canal and railway. At Shuttleworth 
Hall the depth is only 35 yards, the dip is N. at 6^. At a distance of 
350 yards to the east of the Hall the coal-field is traversed by a fault of 
70 yards downthrow to the east, which throws back the outcrop to 
Hapten Hall. The overlying rock is shown in a quarry on the north 
side of the railway dipping N. 15"' W. at 5°. From this point the outcrop 
takes a N.N.E. direction to Bradley Fold, where it is supposed to meet 
with another large fault, throAving down the beds to the eastward. 
I was unable, however, to ascertain the exact position of this fault, 
owing to the absence of sections in the upper part of Hapten Clough, 
but the effect is to throw the outcrop of the Arley Mine as far back as 
Habergham Cloagh, where it may be very clearly made out by numerous 
old workings and the character of the accompanying strata. West of 
Habergham Hall the beds are traversed by a small fault, which is shown 
on the mining plans to range in a N.N.W. direction to Lower Houses, 
and from this point the outcrop may be traced by means of the old 
hollows and pits along the bank of a little dell south of Habergham Hall 
to Sep Clough. East of this point the coal is again thrown down by a 
fault which passes in a N.N.W. direction by Appletree Carr.f On the 
cast side of this fault the oulcroii is at Wood Plumpton, beyond which 
it is terminated against the great Clivigei' fault, by which it is thrown 
back to the south-east as far as Calder Head, a distance of 3^ miles. 

The outcrop of the Arley Mine on Eiddle Scout is well known.| The 
depth to the seam at the colliery at Calder Head is 97 yards, but of this 
60 yards was composed of gravel, so that for the purpose of tracing the 
outcrop the depth can only be taken at 37 yards. A few yards to the 
west of the pits the great C'liviger Valley fault terminates the coal in 
that direction. 

Although tbe dip of the beds at the outcrop of the coal at Cliviger is 
15° to the wc'5t, and we get the three overlying seams brought in before 
reaching Holme, le.'^s than a mile distant, yet the Arley Mine nowhere 
descends to any considerable depth along this valley, as it is repeatedly 
brought to the surface by faults, the largest of which has been struck a 
few yards to the north of the coal pit on Hartley's Pasture. Along 
Green Clough, above Plolme, there is also a reversion of the dip, by 
which the " Galley," " Crackers," and " 2-foot" seams are made to crop out. 



'■ In tracing the outcrop in this neighbourhood, I had the assistance of Charles 
Bradbury, manager of Church ColHerj- ; J. Hargreaves, manager of Altham Colliery ; 
and a miner of the name of " Old Sagar," whom I picked up at Eead Hall. 

t This, and several of the principal faults about Habergham, were traced on the 
Survey maps from the mining plans in possession of Mr. Dixon Robinson of Clitheroe 
Castle. 

J In tracing the outcrop and faults of the C'liviger district, I had the friendly 
assistance of the proprietors and managers of the Cliviger Collieries. 
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Refen-ing to tlie map for iho position of the outcrop of the Arley Mine 
in this district, I shall merely mention ti few spots where it may bo 
traced ;— on the top of the elitf at Riddle Seont, on both banks of ( heen 
Clough, the river bank near Honey Holme, in brook at Broufjhton'a 
AVood, in pits at Causeway Side Inn, and in Shedden Clough Brook, a 
few yards above the ventilating pit, which is itself only 7 yards deep to 
the coal. On the north side of the brook the coal is thrown out by the 
Worsthorn Fault, but the coal reappears at Extwistle Hill, and may bo 
very clearly seen at Proctor Cote, and on the top of a cliff on the 
southern banks of Thursden Brook. Then the dip is west at 5° to 10°. 

The outcrop may be traced without much difficulty irom Haggate 
along the northern slopes of Marsdeu Heights. At the time of my visit" 
I had the advantage of seeing the coal laid open in the excavations for 
the service reservoir of the Marsden waterworks. Here adits had 
been driven in the coal from the outcrop. The seam was 40 inches 
thick, with a black shale roof and fireclay floor. The dip was found to 
be W. 10° S. at 6°. The outcrop was again found in Marsden chm'ch- 
jard,f and from this point it may be traced along the meadows 
to Clough Bottom by the old hollows, and the falling in of the ground 
caused by the extraction of the coal. 

Crossing Pendle Water, we find the outcrop indicated by old hollows and 
pit banks by the side of Raven's Clough Wood, and the coal itself, with 
its underclay and seat-rock (Riddlescout Rock) is very well shown in 
the banks of the Clough opposite Old Laund Hall. The dip is here 
S.S.E. at 10°. At this point the extreme northerly extension of the 
mine is reached, and the outcrop gradually turns towards the south and 
west, and follows the lino of the Pendle range. All the way to Hunt- 
royde the outcrop is seldom visible, owing to the thick deposit of drift- 
clay and sand which conceals the beds ; al the same time we get assistance 
in our survey at several points. At Pendle Forest coal pit, near Fence, 
the Arley Mine was worked by means of a " whimsey " at a depth ot 
60 yai-ds, a great part of which depth was doubtless sunk through drift, 
the outcrop therefore cannot be far from this spot. Following the 
brook course, which ruiis southward from Fence, we have little difficulty 
in determining the position of the outcrop to be at 300 yards beloAv the 
road, where the Riddlescout Rock below, and the blue and dark shales 
with ironstone above, mark the position of the coal, which itself is 
covered over from view. The dip is here S.S.E. at 10° to 20°. It 
might have been expected that the outcrop of the Arley iline would 
have been found in Moor Isles Clough ; but although the beds which 
overlie the coal at a short distance are there very well shown, dipping 
at a moderate angle to the S.S.E., the section terminates in a mass ot 
boulder clay which fills the bed of the brook where the coal with its 
associated shales ought to appear.! West of this clough the coal is 
probably thrown down to the south-west by a fault which may be seen 
near the junction of the brook with the Calder. 

The outcrop of the Arley Mine may be seen in the brook course about 
250 yards south of Higham, together with its shale roof, fireclay floor, 
and the Riddle Scout Rock. The dip is S. 20° E. at 45° to 50°. 



* July 1867. 

t Strange to say, at tlie time of my visit a grave was being dug out in the coal. 

J My fii-ot visit to this clough was in February 18fiO, in company with the mem- 
bers of the Geological Society of Manchester, at the iu-vitation of Sir J. Kay-Shuttlc- 
trorth. An account of this visit is given by Mr. Einney, F.E.S., in the Trans. Geol. 
Soc. Manchester, Vol. II., p. 49 et seq. 
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During the excavation for the Padiham waterworks reservoir the 
Arley Mine was laid l)iir(' at its outcrop. I was informed by the man in 
charge of tlie reservoir that the coal was found to run in a nortli-easterly 
direction, rising at an angle of about 2 to 1, or 25'' to 30°, and was 4 feet 
in thickness. Near thi> edge of Huntroyde Park the coal must be 
brolien off iinainst "the Plargreave fault," which has been proved at 
Padiham and Gawtliorpe in the workings of the "11-foot Coal." 
Along the southern side of Huntroyde Park the Arley Mine has been 
worked, as well as in sexeral pits west of Padiham. In one of these., 
near Dean Plantation, the depth was 80 yards. The outcrop of the coal 
occurs in the brook a few yards above Dean Bridge. The coal itself is 
not shown, but the roof of black shale with ironstone, and the fire-clay 
floor witli the subordinate flagstone, are very well shown, The dip is 
y. 10° E. at 10°. The overlying sandstones are well shown in the 
valley south of Dean Bridge. 

At Simonston Hall the Arley Mine is thrown nearly a mile to the 
southward by the agency of " the Simonston fault." This fault is very 
well shown in the brook course at Clough House, and again in Dean 
Plantation. On the west side of this fault the outcroj) begins near Dean 
Brook Bridge, and runs through the meadows along the northern bank 
of the river C'alder, under which river the coal lies at a depth of only a 
few yards. The coal was formerly worked by an adit entering the 
seam near the outcrop and descending with the dip. The trucks were 
drawn np tlie incline by means of an engine driven by water power. 
West of Dunkirk farm the mine is traversed by a fault, which (as I 
have already stated) crosses also the southern outcrop west of Altham 
Clough, on the other side of which the eoal has ))een worked in 
the ciillieries belonging to Mr. Lomax of Clayton Hall, as previously 
described. 

From tlie above deseri])tion it will be observed that the Arley ]Mine 
between the Hyndburn Brook at Oakeushaw and Padiham occupies the 
centre of the Blackburn and Burnley trough, and has both a northern 
and southern outcrop. The axis of this trough follows the valley of 
H3'ndburn Brook as far as Chiyton Bridge. From this point it may be 
tiaced through Syke Side, and thence to the head of the river C'alder 
opposite Eaves Barn. Following the course of the river by Padiham 
Bridge, it crosses Ightenhill Pm-k south of Gawthorpe Hall, where the 
oi'iginal '• trough " assumes the form and arrangement of a " basin." 

Area and Besoiirccx, — The total area of the Arley ]\line is rather less 
than half of that of tlie Gannister Coal, being about 23 square miles, or 
14,720 acres. Allowing 5,000 tons i)er acre, we lia\e, as the total 
oiiginal quantily of coal in this seam, 7.'5, 600,000 tons ; and assimiing 
that (if this oue-tcnth part has already been extracted, and allowing 
for loss and waste, there remains about 65,000,000 tons for future 
supply. 

drcnl Hamhledon. — It is a matter of general observation that the 
Millstone Grit occupies the highest ground, the Lower Coal-measures 
the intermediate, and the Middle Coal-measures the lowest in the Car- 
boniferous districts of the north of England ; but in the case of Great 
IIambl<'Jon, a hill lying midway between Bm'uley and Haslingdeu, wc 
have a remarkable exception to this general arrangement ; for here the 
Arley Mine, together with the overlying seams called " the Dandy " and 
" China " seams, is found at an elevation of 1,250 feet, the summit of the 
hill itself being 1,342 I'cet. The general position and arrangement of 
the beds with respect to the Burnley Coal-field will be better under- 
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stooil by referencQ to 
description. 



(!i 



tho following section {i'\<^. 1 1) than from a 



The greater part of the Arh'y Mine 
lies lietwccn two pariillel fiiults which 
cross tho hill from cast lo west. The 
wcslcin ontcrop of the miiio is at the 
" Slate Pits," under Mole Side Phmlation, 
and Ihc whole of Moli^ Side iNIoor is 
covered with little mounds and old pit- 
heaps, suggestive of the name ; one of 
tlicse pits close to Ilamblcdon Hall is 70 
yards deep. Xear this pit one of the 
laults passes, having an up-throw to the 
north of 80 yards. It crosses the hill 
close to the Trigometrical Station of the 
Ordnance Survey, and brings the Arley 
jMine on the north against a seam wliich 
I lake to be the Clicigcr 2-fcct or China 
Bed. This fault continues in an easterly 
direction north of the Cupola Pit, and 
seems to be a prolongation of tho 
Thievelcy Fault which enteis CUvigcr 
Valley. The parallel fault which furms 
the boundary of the Arley Minr on th(.' 
south of Hambledon Hill may be seen 
near the head of Wliin Hill Clough close 
to the outcrop of the (Jannistcr Coal. 
Here tlus coal and the Arley Mine are 
nearly brought in contact on ojjposite 
sides of the fault, the tlirow of which will 
therefore be ab(jut 370 yards.* 

The Arley Mine again occurs at the 
head of Easden Clongh on the northern 
flank of Dcerplay iNloors. It forms a 
narrowband about a mile in length along 
the north side of the Thievely Fault. 
The outcrop may be seen on tho moor at 
White Hill. 



13 

<5 






cq 






The Dandy Bed or C(dhj <_'oiil of 
C'lirigei: — This is a thin sram lying at 
Cliviger 39 yards above the Arley JMine. 
At Cliviger it consists of two seams sepa- 
rated by 9 inches of clay or " bing," the 
upper seam being 18 inches, tmd the lower 
31 inches in thickness ; it has only lieen 
wiirkcd to a small extent. In the (uin- 
now Pit, Burnley, this seam lies 45 yards 
above the Arley iMine, and is about 30 
inches in thickness. It is often less than 
this, and probably an a\ erage of 2 feet 
would not be far from correct. The roof 



* In the survey of this district I was mati_'i-ially 
assisted by JFr. Fickup, one of the proprietors of 
the colliery at Hambledon Hill, and his manager, 
.1. Hudson. 
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of the coal is generally sandstone of variable thickness, often protruding 
into it and diminishing its thickness. Mr. Wild states that in such 
cases the cleavage of the coal is to some extent disturbed or destroyed, 
causing an impediment to the working. 

The outcrop of the Dandy Bed may be seen at the base of the clifl' 
at Bradget Hey, above Cliviger Valley, also at Robin Gross and Green- 
clifFe Nook. At Habergham the coal lies at the bottom of the quarry 
near the hall, and crops out in Habergham Brook about 450 yards 
above its confluence with Hapton Clough Brook, also in the road south 
of Four Lane Ends, and Sep Clough. Its northern outcrop may be 
seen in Raven's Clough Wood, and the rocky deU above Linedred Lane 
near Marsden. Its thickness is here 27 inches, with a sandstone roof 
10 feet thick, and a fireclay floor. 

The China Bed or C/ivif/cr 2-feet Coal. — Lying about 16 yards 
above the Dandy bed at Cli\'jger there is a seam of inferior cannel 
mixed with bituminous shale, and called " crackers," from its crackling 
in the fire, and 20 yards above this is the " 2-feet seam." This coal is 
of inferior quality and has not been worked. In the section of the 
Gannow Pit it. is mentioned as 2 feet in thickness, but towards its 
southern outcrop on Bareclay Hills it thins out. In Cliviger the out- 
crop is at the foot of the cliff called " The Lowe." 

The Slaty Coal. — This seam, according to Mr. Wild, lies 17 yards 
below the " Great " or " Bing Mine," and consists of a heavy, dull, 
inferior coal, having a blue shale roof with thin bands of ironstone. In 
this shale scales and teeth of fishes are found. 

The Great or Bing Mine. — This seam forms the base of Messrs. 
AVilkinson nnd Whitaker's " Burnley Upper Series." The exact dis- 
tance of this seam above the Arley Mine at Burnley is only now being 
directly proved by the sinking of the new colliery to the Arley Mine 
at Bank Hall, but the distance has been indirectly obtained by calcu- 
lation at Fulledge Colliery. Mr. Wild, by taking the known depths of 
the two seams on opposite sides of the fault iji Fulledge INIeadow, makes 
the distance 140 to 150 yards, and IMcssrs. Wilkinson and Whitaker 
give the distance 160 yards.* 

This mine consists of two seams at Burnley separated by bing or 
clay from 1 to 2 feet in thickness. It may be seen at the bottom of 
Picup f^narry at Habergham Eaves, and there presents the following 
section : — 



Fine-grained compact grey sandstone with partings 
of shale 

r Coal - 
Great or Bing Mine •< Clay - - 

[ Coai .- 

In the section of Fulledge Colliery the roof is shale, a 
as follows : — 

[■ Coal . - - . 

Great or Bing Mine < Shale - - - 

LCoal - 



ft. in. 



25 





1 


4 


1 


4 


1 


6 


,nd 


the coal is 


ft. 


in. 


2 


4 


1 





1 


7 



* Bank HaU Colliery belongs to the ixecutors of the late Mr. Hargreaves, who, I 
have uo doubt, would personally have been perfectly willing to give me any informa- 
tion they possessed for the purposes of the Geological Survey ; but, unfortunately, 
Mr. Waddington having taken a different view, and having objections to furnish any 
information whatever, I am unable to give the details regarding this and several 
other collieries around Burnley. 
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The outcrop of this mine may be observed in the river banks of 
Pendle Water below the Lodge Farm. The coal is there in proximity 
to a fault of unknown magnitude, and the following section may be 
observed ; — 

ft. in. 
Grey shale (forming the banks for several feet) - 8 
rCoal - ■ - 2 
Great Mine-{ Dark shale and clay 2 
ICoal - - 1 6 
Cliiy, paising downwards into t;rcy shales with sand- 
stones underneath 211 

The outcrop of this seam at Habergham is near to Green Hill, where 
the dip is uoith. It is broken oiFto the eastward by the Cliviger Valley 
Fault, and on the downcast side is thrown back as far as Old House 
near Towneley Tunnel. At Fulledge Colliery the depth is 200 yards. 

At Gawthorpe Collieries this seam is extensively worked under the 
name of the " 6-foot " mine. It is 73 yards deep at the Cornfield Pits, 
and about 60 yards at the Broughton Pit. lu the direction of Padiham 
and along the right bank of the Calder, the overlying " Yard " seam, 
which at Ightenhill Park is separated from it by 16 yards of strata, 
gradually approaches the "6-foot" seam by the thinning out of the 
intervening strata, till at length they almost unite and form " the 1 1-foot " 
mine of Padiham. 

The western outcrop of this mine occurs in the bed of the Calder 
about 300 yaids above Padiham P.ridge ; it then skirts the north side 
of the village below the quarries, and may lie traced to the edge of 
Huntroyde demesne by a line of old pit-hillocks and hollows. At 
Higher Slade the ground has fallen in in several places. Beyond this 
point it meets Avith the Hargrea-ve Fault, by which tlic outcrop is 
thrown about 300 yards to the south-east, and on the oppc-^ile side it 
may be traced on the ground from Ilarnreave Farm northward by old 
hollows. The coal itself may be seen in the banks of the brook below 
High Whitaker, but on the opposite bank is concealed by masses of 
sand and clay. Near the HoUins Farm the coal is probably broken off 
against a large fault which ranges in a uorfh-uorth-westerly direction 
across the river at the Hag plantation. The throw of the fault at this 
place is probably about 100 yards up to the north-east, and the crop of 
the 6-foot coal is brought in all probability to the south side of the 
river. Here, however, the strata are much obscured by drift, but I 
have drawn a hypothetical line on the map representing the outcrop, 
crossing the Calder south of Hunterholme, and round by Pendle Hall 
to the bend of the river at the foot of Moor Isles Clough, where a thick 
coal was observed by me to crop out, which I cannot suppose to be any 
other seam than " the 6-foot " seam. At this point the coal is thrown 
out by the large fault which passes by Royle in a north-westerly 
direction. 

I have already described the outcrop of this seam on the banks of 
Pendle Water near the Lodge Farm. Here it meets with a fault, between 
which and Burnley Lane Head the outcrop of this seam is unknown to 
me, partly owing to the absence of coal mining in that neighbourhood, 
and partly to the overspread of thick masses of Boulder clay. It is 
probable, however, that it overUes the sandstone of Burnley Lane Head, 
and crops against the bottom of the Boulder clay in the flat north of 
Bardon House and Rake Head Mill. In the neighbourhood of Burn- 
ley, the " bing " or clay which separates the great mine into two seams 
contains Trigonocarpum in abundance, as also Lepidostrobus and An- 
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i/n-ticositi,* and in the I'oof ol' l)liick shale about 3 inches thick containing 
remains ni' MfigiiUclitJiys and PLciirodus (a tooth). Three feet above 
the coal is a bed of small Anthracosia, " very numerous and nearly all 
closed, with the anterior side downwards. "f 

Ana and Resources. — The Great Mine occupies an area of about 
6\ s(juiire miles, or 4,160 acres; and if we allow 4,500 tons to llie 
acre, and deduct 6,000,000 tons for quantity already got and waste, we 
have an available quantity for future supply of (in round numbers) 
12,000,000 tons. 

Fiillcdgc Thill Bed. — At Burnley this seam is 34 inches thick, with 
a \ery thin parting of shale at 12 inches from the top. At Gawthorpe 
this seam is known as " the Yard !Mine," and is there worked. The 
black shale roof is richly stored with fiish remains, amongst which arc 
staled^; to be those of Megcilichthi/s, CtoiacrnitliKS, Gyracanthiis, 
Pleurarinitkus, and Ctemqifi/rliitis pectinatus, and C. apicalis. 

The southern outcrop of this seam near the point where it is broken 
off against the Cliviger Valley Fault is near the junction of the Tod- 
mordeu and Baeup roads. At Burnley the outcrop may be about half- 
way between Habergham Eaves Church and Pickup Quarry. In the 
neighbourhood of Padiham, the strata which intervene between this 
seam and the " (Treat Mine," measuring at Fulledgc 50 feet, thin out, 
and the Yard and Six-feet Seams unite (as stated above) to form the 
" 11-foot mine" of Pndiham. The outcrop, therefore, is the same \\\l\\ 
tliat of the " 11 -foot mine," already described. At the Broughton Pit 
the (li'plh is only 21 yards. North of Burnley the outcrop is generally 
concealed liy boulder claj', but it probably ranges from Bardon Clougli 
by Burnley Lane and JPhesandford Mill to the banks of the river 
Brun below Ridge End^ where it was pointed out to me by Mr. T. T. 
Wilkinson. 

Caniicl Scam. — Lying about 20 yards above the Fulledge Thin, Bed, 
is a seam of caunel, partly of inferior quality, resembling an oil sliale, 
but which would appeiir not :is yet to have been properly tested. As I 
had no opportunity of seeing this seam iii situ, or actually mined, I 
cannot do better than insert Mr. Wild's description of it. He says, 
" Th(; Cannel, 30 inches thick, is met with nine yards below the Blind- 
" stone bed. The upper part of this seam is dull, heavy, impure cannel, 
" while the middle is bright and light, getting I'ather hea\"y towards 
" (he bottom. On the top of this bed are found laige Ani/iracosi/i in 
" abundance, with the valves niostl}' open and crushed ; and immc- 
'• diately below, in the Cannel, remains of fishes, Diplodus, Eliizodds. 
" Mci/alielit/iijs, &c." 

Low Bottom, or Bliiidsloiic Coal. — This seam is "the 4-foot mine' 
of ( iawtliorijc. At Fulledgc Colliery it was found at a depth of 
153 yards, and was 42 inches thick, with a dark brown pyritous baud 
(" blindstone") from one to two inches thick, lying near the roof, but 
in some places thinning out altogethei-. The coal is bright and soft, 
and used principally :is steam coal. The roof of shale contains plants, 
with Spirorbis attached to the stems, and Mr. Wild states that he has 
found a shell resembling a small (ioniatilc. Abo\e this is another 
" fish-bed, dcsciibed by My. Wild as a conglomerate, cc.mtaining nodules 
" of ironstone, smuts of coal, fossil plants, bones, scmIcs and teeth of 



* Mef-sVh. Wliitaker and Wiltinson. Supra ril. 

t Mr. G. Wild, Trans. Geol. Soc, Maucli., Vol. IV. 

j By the authors above named. 
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'• fishci, held to^i'lliev by a (_'0|)rolitic, (.■ciiiciil,'' and ovit llih coined dark 
!*hale, witli bivalve shells, and a small iiui\aKe. 

The southern oulerop of t,liis seam nia-^ lie hiund dii the l.nmks of a 
little dell below Copy Wood near Birks 1 louse, close to the Clivigcr 
Valley fault. Tiie scam was cut throuiih in the railway tunnel. The 
northern oulerop may bo seen in the bunks of the river 15run below 
Ridge End, and in the overlying shales may be found abundance of 
Antliiacosid. The outcioj) may lie traced still further westward to 
the canal acjueduct where it crosses Uarden C'lough. 

The Low Bottom Coal has been exhaustc<l under the F\illedge estate 
Avith the exception of some pillars, and is still mined at Whittle Field 
Colliery. It has been worked under Koyle, and crops out in the river 
bed below the bank on which the house is built. The oulcio]) may also 
be observed on the top of the sandstone quarry at Jghtcnhill, and as the 
same rock again reaches the surface at Tim Bobbin Delf, the crop may 
be taken at the foot of the steep slope formed of tliis sandstone. In 
both these quarries the dip is eastwanl, but on the north side of l;L;hten- 
hill Park the beds become nearly fiat, and the coal croi)s out round the 
summit of the hill at the Hollins, Old Car, aiid JNIeadow Head. 

The Low Bottom Coal is brought in to the west of the outcrop just 
described by the large fault which passes across the river Calder at the 
Hag Plantation, and ranges in a south-easterly direction bv Ighteuliill 
Park Old Colliery to Tim Bobbin Lin.* 15y this fault the coal is 
thrown down to the bottom of the hill as far us tiawthorpe Hall. X\, 
Cornfield Colliery the depth is 30 yards, of which 12 are composed of 
gravel, and the outcrop crosses the ri^er a few yards above the Wooden 
Bridge. 

It is not improbable that this seam occupies a small area on the north 
side of the river on the downcast side of the Hargrea\ e fault. The rock 
of Padiham Quarry may be considered without any be.-itation to be 
identical with that of Ightenhill Park and Tim Bobbin Delf, which 
immediately underlies the 4-foot coal. Al Padiham Quari}- it dips 
N. 15 E. at 6°, and therefore the 4-foot coal ought to set in immediately 
to the north of the quarry. It may be found, however, that while this 
is the case, the coal itself has long since been Avorked out. 

The Lower Yard Coal. — The description of the remaining Coal- 
seams of the Burnley district need only occupy a short space, as their 
I'ange is extremely limited, and the coal has for the most part been 
already exhausted. The Lower Yard Mine consists at FuUedge of four 
thin seams of coal in the following order : — 

ft. in. 

Coal, inferior quaUty - - - . () (5 

Clay or shale 6 

Coal, inferior quality - - 6 

Brown stone (bituminous) - 1 6 

Coal, with large pyritous nodules (workable) 1 1 

Shale parting - - - (18 

Coal (workable) - 12 

In the roof of the uppermost scam occurs a large Anthracosid^ 
probably A. rohusta. This seam has been worked at Fulledge, and under 
Towneley Park, along the upper part of which it crops out. It also 



* Between this fault and another, which passes close to the wist of lyhtruUill 
Park Quarry, there is an enclosed piece of ground, where the liorings to test the coal 
do not correspond with those on the opposite sides of the fault. A solution of this 
enigma may be, that " the 6-foot," and all the higher se;iins. arc thrown out oVer this 
space, leaving only the Dandy and Arlcy Mines underneath. 

.30514. 1,' 
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comes to the surface along the nortiiern edge of the Clough which 
passes by Towiieley Hall, and in which the underlying beds may be very 
well seen ; the dip is N.N.W. at 6° to 10°. The northern outcrop crosses 
the river Calder opposite Crowwood House. 

The Old Yard. — This coal was 67 yards deep at Fulledge Colliery, 
and is in two seams. The upper is 6 inches thick, of inferior quality, 
and is separated from the lower, which is 34 inches thick, by shale, 
crowded with plant remains. The lower seam is also of poor quality, 
having many Ihin partings of shale in it. This seam has only been 
sparingly worked. 

The Burnley Four-foot. — This is a seam of good quality, but of 
limited area, and ought in fact to be described in the past tense, as the 
whole of 'the coal, with the exception of some pillars, has been cleared 
out. Its area is bounded on one side by the Cliviger Valley Fault, on 
the other by the Fulledge Main Fault, the breadth being only 820 yards, 
and its length between the northern and southern outcrops at vStoney 
Holme Cottage and Burnley Wood being little more than a mile. The 
roof of fine blue shale contains Asterophyllites. 

The Shell Cord, or Vicaracje M'uie, was 51 yards deep at Fulledge 
Colliery. It is in two seams, tlie top 8 inches, the bottom 28 inches, 
with a parting of shale from 4 to 10 inches thick. The shale roof of 
this seam contains the trunks of fossil trees standing in an inclined 
position. This coal was formerly worked under, and lo the north and 
south of, Burnley, and is nearly exhausted.* 

The Kershaiu Coal was 26 yards deep at FuUedge, and 20 yards at 
the Old Salford Colliery, and consists of two seams, the upper 9 inches 
thick, the lower 2 feet, separated from the upper by 9 inches of clay. 
The northern outcrop is at Danes House, the soutliern at the canal 
aqueduct over the Calder. The entire seam, whicli originally had an 
area cf only half a square mde, is worked out where practicable. >.*~ i 

Thr Doghole is the highest seam in the Burnley Basin, and was only 
19 yards deep at Fulledge, and 12 yards at the Salford coal-pit. It is 
from 5 to 6 feet thick and oC middling quality, and is all worked out 
with the exception of some pillars. The sandstone, which is laid bare 
in the bed of the river Brun, near St. Feter's Church, overlies this coal 
by a few yards. In the roof, which consists of strong blue sandy shale, 
are found fine specimens of several Carboniferous plants. 

Resoijuces ot THE Boenley Basix. 

Having now described the entire series of coal-seams in the Burnley 
Basin, it remains only to say a few words regarding tlieir areas and 
resources. In consequence of the general configuration of the basin, and 
the vertical distance by which the lower seams are separated from each 
other, the areas of the coal-seams become very rapidly contracted as we 
ascend in the series from the Gairrnsfrr Coal. Thus (as shown above) 
the area of the Arlci/ Mine is only about one half that of the Gannister 
Coal, while the area of the G> cfd Mine is less than one third of that of 
the Ariel/ Mijie. After passing the Low Bottom ]Mine in ascending 
order, there are none of the remaining si.'ams which add any appreciable 
amount to the resources of the basin. The f.owrr Yarrl Mine has an area 
of only three square miles, over wliicli it has been worked to a consider- 
able extent, and owing to the beds ol' shale by which it is split up is of 
but little value. The Olel Yard Mine is of small area, and still more 



* The old rainiug plans of this and the Kershaw and Doghole coal-scams arc in 
the liceping of Sir. Dixon Uohinson of Clithevoc, who kindly allowed me to inspect 

thrin. 
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inferior quality, wliile the Bunileij Four-foot, tlie Shell, the Kershaw, 
and the Dogliole soams have uh-oady been exhausted, as fur as they arc 
capable of being worked. In giving a summary of the resources of the 
Burnley Basin, I shall therefore leave out of (.'onsideratiou all the seams 
of coal above the TAno Bottom, or Four-foot seam of Gawthorpe, but 
even with tha above qualillcadou it will bo observed that the quantity 
of available coal is still very large. 

Area and Resoarees of Coal-scams, Tiiirnlcij Basin. 



Name. 



SquEive Miles. 



Tons pev Acre. 



Deduct fov LoiS. 

Quantity gotten. 

Tons. 



Quantit.y Re- 

niriiniiig, 

(Rountl Numbers) 

Tons. 



Low Bottom Mine 4 

Fulledge Thin Miue , ."> 

Great Mine C • 5 

Arley Mine 23 

Gannister ISlinc \ 50 



4,000 
2,500 
4,500 
5,000 
3,.")00 



3,000,000 

2,500,000 

G,000,0lii) 

7,000,000 

10,200,000 



7,000,000 

5,000,000 

12,000,000 

65,000,000 

100,000,000 



By adding up the last columu we get aii estimate of the entire quan- 
tity of coal remaiuing in the basin for future supply to a maximum 
depth of 700 yards, namely 189,000,000 tons, in which is not included 
the quantity from the Upper Mountain Miue, which, on account of 
its thinness, I have thought it safer to omit from the estimate.'' 

Faults of the Burnley Basin. 

On referring to the maps, it will be observed that the majority of the 
faults which traverse the Burnley and Blackliurn trough take a direction 
west of north, and east of south; thus corresponding with the system of 
fi-actures which characterize the South Laiieashire Carboniferous Dis- 
trict. Those near Eivingtou, Tuiton, Darwen, and Holcombe have 
already been alluded to when treating of those places. I shaU therefore 
confine my observations here to some of the spots where the faults of the 
Burnley and Blackburn trough may bo observed, or the grounds on 
which they have been drawn on the map. 

Commencing near the western extremity of the trough, we notice first 
the fault which is drawn nearly parallel to the Clitheroe railway across 
the strike of the beds between Koyshaw and Little Harwood. The 
evidence of this fault is twofold. In the first place no one can examine 
the contorted state of the Millstone Grits in the cutting of the railway 
at Lower Wilwoith without being satisfied that a line of disturbance is 
close by ; and in the second place, the strike (or direction) of the beds 
on either side of the vaUey show that they are shifted from their original 
line, and have been thrown back on the west side. The throw of the 
fault at Little Harwood may probably be about 160 yards. 

The fault at Harper Clough may be clearly determined at the quarry, 
where it will be obser^-ed that the Rough Eoek on the east side is brought 
down against the Third Grit on the west. The line of the fault between 
Harper Clough and Dunscar is marked by a prominent knoll of grit, at 
the base of which a spring bursts forth. 

The Oakenshaw fault has already been alluded to as being indicated 
by the change of dip of the strata in the river Hyndburn ; and its posi- 
tion further to the north-west seems to be pointed out by the sudden 



' JMr. Ellas Hall in hia " Key to the Geological Map," givoa the quantity of coal 
at 70,212,266 tons (1836). 

l^ 2 
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truiir;ition of the il(.lsc of Millstone Grit at Bowley Hill. At the time 
of my Miivry this fault huil nol hrcn reached from Great Harwoocl 
Colliery. 

Altham C'lnugh fault has l;cpn luoveil on both sides iu the working of 
the Arley iMiue ; it has a dowuthrow to the N.E. of 50 or 60 yards. 

Hapton Hall fault has a,lso bren proved on both sides in the Avorking 
(if the Arley Mine ; by its meaus the outcrop of this seaui is thrown to 
the south from Higher Shutdeworth to Hapton Hall, a distance of nearly 
half a mile. The tla^stone of Ca'-tle C'lough will, on examination, be 
found to be a rock of a ditfereul charact(n- from that which is shown in 
the railway cutfing on the other side of the fault. 

The fault wliiidi ]insses by Padiham (jreen and Bcntley Green is 
iid(.'i-ied from the fart of the out(;rop of the Arley Mine l.icing thrown to 
the stuithward a distance ol' a mile from Stone ^loor to Habergham 
C'longh, but its precise position I liad no means of ascertaining for want 
holli of sectii.ins and information. Its p(l■^ltion, however, on the banks of 
the Calder at Padiham was approximately deteiunined. Tlie downthrow 
is to the east. 

Thi' fault that ranges from Long Lane plantation to the west of 
Hab(.Tgham Hall by LoA\'er Houses has Ijeeii drawn from the mining 
|ihuis of the Gawthorpe and Habergham collieries ; it is shown in 
Habergliani Brook very plainly. 

T)ie faults Avhich pass under Ro^e Grove Station, Bareclay Hill, and 
l\(ise Hill, have also lieen obtained from plans of Haberghatn collieries. 

('lu-ii/cr ]'iillci/ I'tiiill.'-' — This is the most important of all the hnes of 
fracture in the Burnley district, producing marked effects both on the 
outline of tlie <oalfield and the physical features of the landscape . To 
this fault, and the denudation which accompanied and followed it, we 
owe the valley which gives birth to the tv.-o rivers — the twin Caldevs — 
and presents varieties of scenery unsurpassed in diversity and loveliness 
in Lancashire. The south-western side nf this valley presents the 
features of a rocky escarpment surmounted by moorlands, and descend- 
ing into the valley by green 6lo|ics. The edge of the escarpment is 
form('<l, as at Thievely Scout, by the Woodhead lldl Rock, in other places 
by the Min--t(inc Grits of various ages, and towards Burnley by banks of 
Lower Coal-measiu'es. From Tliievely northward, where the Lower 
Coal-measures takes the place of the MiUstone Grit, the scenery is not of 
so bold i\. character. The fimlt generally lies close to the base of the 
southern ese;irpment ; and on the northern side the country descends into 
the valley along more gentle slopes than on the opposite side. The 
position of the fault has lieen determined at the colliery at Calder Head 
and at Tow neli'y (^'ollierj'. Here the fault itself, and a branch which 
for somi' distance s|)lits off a)id then rejoins, ma)' be seen in the sections 
at Co]iy Clough and in the brook course at Lower Timber Hill. The 
fault has been found in the workings of Whittle Field Colliery to pass 
under Clifton, and seems to pass ;i, little east of Broughton Pit. Here, 
however, it appears to be on the point of dying out, the downthrow not 
being greater than 10 to 12 yards. 

The FuUedge fault has been pioved in the -working of Fulledge 
Collier}'. In conjunction with the Cliviger Valley fault it forms a 



■ Tlie |iosition of tliis fault at divider Collieries has been determined for me liy 
liu' ]iro]iri(tors and raaii;i;;er, at TowiiU y Collierv liy Mr. Pickup, and at Burnley liy 
Mr. Wild of Fnlledne, and Mr. H. Joliblin.iT of Fulled;j;e House, manager of the 
estates of Towneiey Parker, Esq., of Cuerdeii Hall. In tlie survey of this locality I 
uas kindly a.ssisted liy the lirotlicr of ^[r. Picliup of Towneley Colliery, proprietor of 
Copy Clough Quarry. 
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trough in wliich fire contained the higher coal-seams of the Burnley 
Riisin. The fault passes from Bank Plall southwards aloni; the ^'alle}■ 
of Towneley Park, but appears to die out before reaching C'iiviger Mill, 
as it has not been crossed iu the levels of the Arley Mine near that spot. 
Its prolongation further north than Danes House is uncertain. At 
Fulledge Colliery the slope of this and the C'iiviger Valley fault ^vas 
found to be 1 to 2, so tliat the area of each successive coal seam in 
descending order became more and more contracted ("sio Fig. 15); so 

Fig. 15. 




Scale 



Section at Fulledge Colliery. 

that after working all the seams down to and inclusive of the Great 
Mine, the sinking of the pits to the Arley Mine, the most valuable of 
them all, was abandoned because it was considered by the proprietor, 
Mr. Cardwell, that there would not be a sufficient breadth of coal to 
admit of profitable working after the outla}' of the sinking and additional 
plant had been incurred. This will be rendered clear from the following 
section across the trough.* Mr. Wild cut across the 100-yaiil fault to 
the upcast side and worked the Dandy and Arley mines. 

The Thieveley Fault. — This fault is of special interest as being 
metalliferous in several parts of its course, a fact stated by ^Messrs. 
Whitaker and Wilkinsonf in the paper from which I have already 
quoted. The fault branches off to the westward from the Cliviger 
Valley fault at Copy Bottom, ascending the hill by Thieveley farm and 
the northern end of Thieveley Scout, crossing Black Clough and Easden 
Clough a short distance below their sources. Here the amount of the 
throw is exactly the vertical distance from the Upper ^Mountain Mine 
to the Arley Mine, or about 1,000 feet. At White Hill it is intersected 
obliquely by the Deerplay Hill fault, but continues its westerly course, 
crossing Greenhill Clough near the reservoir, and then, on reaching the 
western side of the valley, it splits into two branches, and crosses 
Hambledon Hill, as already described. In the workings of the Upper 
Mountain Mine the fault has been struck where it crosses the Eawten- 
stall Road about 100 yards south of the milestone, three miles from 
Burnley. The fault is a downthrow on the north side. 

The traces of the old workings for lead may be seen at Thieveley, 
and on the moors on both banks of Black Clough. Mr. Wilkinson also 



* Those who wish for an explanation on mechanical principles of the manner of 
the foi-mation of trough-faults, will find one in Mr. Jukes' " Memoir on the South 
Staffordshire Coal-field," 2 Edit., p. 196-7. 

■f- Trans. Hist. Soc. Lancashire and Cheshire, Vol, XIV. 
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mentions the occurrence of lead ore on Hambledon Hill, at the quarry. 
Tlie ores appear to ha\c boon both galena and carbonate o£ lead, and 
the veinstone a line grit. 

The Deerplai/ Hill Fault is one of the most important in the district. 
Commencing at Ramsdeii, on the western slopes of the Vale of Tod- 
morden, it ranges in a north-westerly direction to Huncoat, where it 
appears to pass into a low arch or anticlinal axis. It is everywhere a 
downthrow on the north side, attaining its maximum north of Bacup, 
along the base of Deerplay Moor. 

The fault has been proved iu several places and may be seen in others, 
amongst which may be mentioned the waterfall in Eamsden Clough, the 
brook course which descends into Ho^vroyd Clough on the northern 
slope of Inchfield Moor, Souih Graine at the head of Dules Gate, where 
it was pointed out to mc some years since by Mr. J. Dickinson ;* the 
throw is here about 100 yards. The fault may again be determined by 
the reversuig of the dip at Clough Head Brick U'orks ; again at Scar 
End Brook, where the Gaunister coal is cut off against it ; at Irwell 
Spring Print Y^orks, where the throw is about 250 yards and a maxi- 
mum ; at Whitfwell Brook ; iu the bed of Limy Water at Whorelaw 
Nook, where it ha^ been proved in the mines ; iu a brook course east of 
Porter's Gate, and in Hapten Tower Brool:, where the dip of the strata 
is revei'sed. In Thorney Bank Clough it seems to cross at the lower 
end of the wood. Tiie line of fracture is throughout its course 
remarkably straiglit. 

The i'aulls at lioirlci/ Colliery have been laid down from mining 
plans; one of these passing by the west side of the pit may be seen iu 
the banks of the river Brun ; the other, which passes across the FuUedge 
trough, ranges in E.N.E. direction by Brunshaw and Rowley Hall, and 
terminates against the Worsthorn fault. It is a downthrow of 22 yards 
on ilie north side at Rowley, and is visible in the banks of Swinden 
Water. This i'^ a vell-authenticnted example of faults crossing each 
other. 

The fault which runs along the valley of the river Brun, below 
HoUins, is shown at two points of intersection of the brook course. In 
the bed of the brook under the house the beds are sharply reversed, 
and further up the stream tlic fault itself is seeu in the bank, a sketch of 
vi'hich is given (Fig. !(>). On the cast side of the fault massive sand- 

Fig. 16. 




Sketch of the Hollii/s Fault, in the Bank of the Jliver Brun, near 

Burnlei/. 

stone is brnuglit up in the river near Ormerod Wood ; this rock lies 
uumediaiely anaer the Dandy Coal, or about 40 ynids above the Arley 
mine, and again appears higher up the stream at Rocl;-Water. 

* During an excursion witli the members of the llanchester Geological Sooietv in 
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The JVoistlioni Fault lias beeu traced IVom Slicddeu Ilcys to the 
north of Buralcy Laue Head in the workiiigM of the Arley Mine. At 
Cliviger Colliery this seam is thrown out hy (ho fault ou the uorth-wesi, 
side. The position of tlic fault may be determined within a few yardy 
above Hiu-stwood Hall, for the grey shales and flagstones which foitn 
the banks of the brook about 50 yards above Hurstwood hamlet are ou 
the upcast side, and belong to the Lower Coal-measures. The fault has 
been ascei-tained to pass a few yards west of A^'orsthorn Church, and its 
position at Houghton Hay has been proved in the working of Rowley 
Colliery. Further tow.irds the north-west it has been bared on the 
upcast side in working the Arley ]\[ino at Hag CTate Colliery and 
Marsden. On the west side of Pendle Water it passes under Montford, 
and has been traced almost to the western outcrop of the coal. The 
downtlu'ow is on the south-Avest side. 

Marsden and Colite Districts. — The principal faults which traverse 
the districts formed of the Lower Coal-measures and Millstone Grit in 
the neighbourhood of Marsden and Colne have already been described 
in the pages in which I treat of these formations, and to which I must 
refer the reader for further information (p. 44). 

Padiham and Gaivthorpe. — Several of these faults have already been 
alluded to when describing the outcrop of the coal-seams, but some 
require further notice. 

One of these is the large fault which passes in a N.N.W. direction at 
the junction of Pendle Water with the C^alder. At its southern extremity 
from Crowwood House to Royle it has been drawn from plans of the 
workings of the " Low Bottom " coal. It might be supposed to be a 
continuation of the FuUedge fault, which has been traced to Dane's 
House, but I have been unable to connect it therowilh, and from the 
old plans of the "Vicarage mine" works the levels of this seam would 
appear to have passed across the position of the fault without a break. 
It is possible, however, by a bend to the northward to connect the 
faults, and the question as to their continuity will doubtle.ss be settled ere 
long by actual mining. The position of the fault is indicated by the 
verticality of the beds in the river bank at Ingham's Farm, and it again 
gives indications of its presence near the junction of Moor Isles Clough 
with the Calder, where the beds are much broken and disturbed. The 
fault is an upcast to the north;east, but to what amount is uncertain as 
the mineral structure of the ground on that side of it is at ijresent very 
obscure. 

The Ightenhill Fatdt. — The fault which crosses Ightenhill seems to 
split into two opposite the Old Hall, each of the arms being downthrown 
outwardly (.?ec p. 81, footnote). The strata, consisting of shales and 
flaggy sandstones on the east side of this fault, may be seen in the left 
bank of the river Calder at the Hag Plantation ; the ordinary dip is here 
reversed, being N. at 15° ; the opposite side of the fault is filled in with 
boulder clay, a phenomenon by no means unusual in Lancashire.* The 
northern prolongation of the Ightenhill fault across Padiham Heights 
may be very clearly traced by the break in the continuity of the Rough 
Rock east of Copthurst near Higham, the rock being there thrown to the 
southward about 100 yards. Owing, however, to the rapid dip of the 
beds (50'^) the horizontal displacement appears to be less than in the 
direction of thecentre of tho basin where the dip decreases. 



* Examples whicli occur to me, at this moment, are to be seen in the railway 
cutting between Turton and Ent-wistle Station, and in the banks of the river Goyt 
near Disley. 
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Tlie Great . Uifirlliial Fault. — By this name my colleague, Mr. A. H. 
Green, and I have di.-tinoiiishecl the line of fracture which we have 
traced fi'om Wetley and Leek in Staffordshire northward by Disley, 
Marple, Suddleworth Valley, to Todmorden and the western slopes of 
Black Hambledou, a dislunce of o.j miles. Through this distance the 
hrils are uplifted on the castinn side, and the dip is reversed. Thi.s 
reversal of the dip, however, does not always take place exactly where 
the Ja\d( passes, but sometimes a short distance from it on the eastern 
side, in Avhicli case we may suppose that the elevatory force has not been 
suflicicnt to overcome the cohesion of the beds, or the force of friction 
along Ihe line olfract\u'e. One of the.instances in point may be observed 
on the northern tiank of Blackstone Edge, where the Kinder Scout Grit 
forms an aich, the axis of which passes under Blackstone Reservoir 
(see Fig. 17). 

Fig. 17. 




Section across Blackstone Edge. 
... Yoredale Beds. h. Kinder Scout Grit. c. Millstone Grit. 

But whalever may be the position of the beds in close proximitv to 
the anticlinal fault, the general change of dip from west to east at, or 
near, this line is apparent iiloug the borders of L.ancashire and Yorkshire. 
Thcic is also another very evident change which may also be noticed as 
accouipauyino the line of " the anticlinal fault," which seems to indicate 
this fracture as having been the axis along which elevatory forces exerted 
thrir liij';licst eftbrts. All along the western side of the fault, from 
Staleybridifc northward, we find the beds broken by faults, much dis- 
tiiibcd, and dipping westward at right angles; but on crossing the fault 
ilsclf we pass almost imniediai,ely into a country where the stratification 
is remarkably regular, and wheie the beds are but slightly removed from 
the horizontal position. This fracture nrust therefore be regarded as the 
axis of elevation of the Penine Chain. I shall now state a few points 
where the fault itself, or its effects, m.ay be clearly observed in our 
district, rel'eriing to previous memoirs for an account of its prolongation 
southwards.* 

Commencing at the southern extremity of Blackstone Edge, we find 
the beds of shale and uiit much shattered in the banks of Longden End 
Brook at the foot of Little Hoar Edge. The fault itself is shown in a 
little brook east of Blackstone Edge Fold, ag.ain in Light Ilazles Clough 
on Chelliurn M.ior, in Calf Lee Clough, by lines of springs (Cat Stones 
S|)riiii;' and Sbaw Stones Spring) along the western slope of Walsden 
,\loor, and the abrupt termination of Langfield Edge. On the north side 
of the I'oi Ismouth Valley its position is shown by the change of dip 
between the lieils of Ivinder Scout Grit and conglomerate above Lowei 
Hartley, and tli.at of the beds which form the prominent cliff of Hartley 



" " Geolof^y (it tlie C.uinlry around (.lldliam," p. 57. " Geology of tfie t'oimtry 
around Stockport, Macclcstit-ld, &c."' See also " On the Millstone Grit of iVurtb 
Staffordshire, &c.," by Messrs. Hull and Green, Journ. Geol. Soc, Vol. XX. 
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Npz and those in the brook course to the nortli of it ; tlie di|i in the 
former ease beino- north at 2,5°, in tiie latter west, uiul wesi 10 i^outh 
at 20°. 

The position of ihe fault near StiperJen House may lie delevmiued by 
observing the high S.W. dip of the beds in the Chnigh below, and tlieir 
approximately horizontal position at the Mawkstoues. The last place I 
have observed the fault is in Blaidv Clough, one of the upper tributaries 
of C'aut Clough Beck on ^^'orsthorn Moor. I\[r. Gunn contributes the 
following paragraph descriptive of the fault further north : — 

" The fiiult appeal's to go to the west of the Gorple Stones and Hare 
Stones bringing up the Yoredale Shales on the east; and though not 
aelually seen, it most certainly crosses the head of the Widdop Valley, 
as is inferred from the trend of the beds there, for we have the Yoredale 
Shales of the vaUe}^ brought up against coarse grit on the west. The 
fiiult is supposed to range along tlio western flank of Boulsworth, for 
there does not appear room for all the Third ( irita to rise anil croi) 
out between the well-ascertained Kough Eock of Willy !Moor and the 
Kinder Scout Grit of Boulsworth Hill. It is certain that a fault must 
pass between the Upper Third Grit of Autly Gate and the beds north of 
Round Hole Springs, for these latter are dipping at high angles of 40° to 
60° to the north-west, and striking right at the Third Grit, which dips at 
low angles to the ^^est and south-west, andean be traced round to Alder 
Hurst Head ])arallel to the Kougli Eock. Kcar Boulsworth the arch of 
the anticlinal leaves its direction and strikes oft' to the north-(-ast, up 
Heyslacks Clough and to the noi'th of Crow Hill, ranging parallel to the 
axis of the Burnley Basin, and gradually disappearing to the eastward, 
lioulsworth mav therefore be considered to be tlie northern termination 
of the Great l\='iiine anticlinal, and the ecuintr)' inniiediately lo the 
north whicb is much faulted, as the common battle gromid, ^o lo speak, 
of the 'forces which produced both the Pendlo and I'enine systems of 
elevation.* 

A fault which throws down in the same way as the aulielinal fault 
ranges along the Trawden Valley, but it would be a misnomer to consider 
it a continuation of the anticlinal fault, and it seems rather to lielong to 
the system of ^^.N.^^^ faults A^■hich are so numerous in Ihe T^ancashiie 
Coalfield." 



■*■ See for similar case, Mem. Geol. Survey, fienlei^v of Counfiv vnuiid Oldham, bv 
E. Hull, II. 8, 
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( fHAPTER IV. 
THE CHOELEY COAL-FIELD. 

{Cojipiil Disfrkl.) 

The Coal-measures to the south and west of Chorley form the northern 
limit of that part of the South Lancashire Coal-field generally called 
" the Wigan district," as pourtrayed in Sheet 89 S.W. of the Geological 
Survey Maps, and already described.* This district extends westward 
from the large fault which I have described under the name of " the Great 
Haigh fault, "f which has a downthrow to the west of about 600 yards 
at Kirkless Hall Colliery. This fault ranges nearly northwards, with a 
diminishing amount of displacement, and is supposed from the results of 
borings made over the property of Mr. Card well, M.P., at Ellerbeck, to 
range along the cast side of the Wigan and Chorley Eoad towards 
Yarrow Bridge, in which direction it has been proved in the workings 
of the coal-seams at Duxbury Colliery. To the east of this fault the 
Lower Coal-measures are brought to the surface, while on th^ west side 
several of the Coal-seams of the Middle Coal-measures^ from the Cannel 
and King coals down to the Arley Mine, inclusive, are known to exist. 

The northern portion of the Coal-field, which may be conveniently 
called " the Coppul district," is for the most part concealed under a 
deep deposit of boulder clay, sand, and gravel, so that sections are 
rarely visible even in some parts of the deeply-cut watercourses. It 
fortunately happens, however, that along the banks of the Yarrow, from 
Birkacre Printworks up the stream almost to its source, a nearly con- 
tinuous section can be made out ; which, together with the mining 
operations which have for many years past been in progress, has made 
the geological structure of this neighbourhood perfectly clear. 

The Carboniferous Rocks are terminated towards the west by a sup- 
posed large downthrow fault, ranging through Bispham (Sheet 89 S.W.) 
in a north-easterly direction by Knowles Wood and Eccleston Green. 
In the brook courses here the Carboniferous Rocks will be found in 
close proximity to the New Red Sandstone ; and although the actual line 
of junction is not visible, yet the general arrangement of the beds, 
together with the straight course of the boundary itself, favours the 
supposition that it is not an overlap of the newer on the older fonnatlons, 
but an actual fracture or fault.! 

The Coal-field to the east and south of the boundary fault above 
described is traversed by a series of fractures, which seem to be con- 
tinuous with those which intersect the Wigan district ; up to the time 
of the completion of the survey, about 15 years ago, the connexion of 
several of them had not been proved by actual mining operations in the 
Coppul district. These fractures are supposed to terminate against the 
boundary fault of the Coal-field ; the evidence, however, is somewhat 
of a negative cliaracter, as it is impossible to say to what extent the 
Triassic district is intersected by faults, owing to the paucity of 
sections. 



* E. Hull, Geol. of Wigan, 2ncl edition Geol. Survey Memoirs. 

t Ibid,, p. 20. 

j This supposed fault is referred to iu the memoir on the Geol. of Wigan as ter- 
minating towards the N.W. the little tract of Permian Rooks shown in Skillaw 
Clough, p. 27. The continuation of it near Salmesbury has been ■ determined by 
JNlr. Tiddeman. 
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The Coal-measwres are divisible into an upper and lower series ; llio 
base of the former being assumed to be on the horizon of the Arlci/ 
3Ilnc coal, although it is questionable whether it ought not to inehidc 
a thin series of shales which OM'rlie the highest beds of the " U[)- 
Holland Hags." 

Lower Coal-measures, or Gannister Beds. — These consist in the 
Chorley district of a series of massive reddish sandstones, micaceous 
flagstones, and shales, with several thin beds of coal ('' IMountain 
Mines"), two of whieli are workable, and have been mined to a con- 
siderable extent over the districts of Charnock Richard, Chorley Moor, 
and Ellerbeck. The wdiole series attains a thickness of 1,800 to 2,000 
feet, measured from the Arley Mine down to the " Rough Rock," which 
forms the highest bed of the Millstone Grit series. 

The lowest beds are to be seen in a brook course east of Hurst House 
Delf, Heskin, where the following section ^'i as made out : — 









ft. in. 


1. 


Coal with shale roof 




1 


o 


Hard sihceous floor 




10 


3. 


Flagstone (base not seen) - 




about 5 


4. 


Black shale 




4 


5. 


Coal 




10 


6. 


Hard siliceous floor 




- i: 


!■ 


Strata (probably shale) not seen. 


reposing 


on Mill- 




stone Grit 




- 10 



A series of purple sandstones and shales a little highei' in position 
may be seen along the banks of the Yarrow below Bolton Green for 
some distance, with a dip varying from S. to S.^\'. These underlie the 
" Lov/er Mountain Mine," which is the representative of the "Gannister 
Coal" of Lancashire. This seam is about 18 inches in thickness, and 
has been worked in a pit 18 yards deep, a short distance north of Char- 
nock Green. Micaceous flagstones, which lie a few feet above the seam, 
may be seen in a small quarry by the Preston and AVigan Eoad, dipping 
S. at 6°. 

The Upper Mountain Mine, being thicker than the Lower, has been 
more extensively AVi'ought in this district. The quality is good, and it 
has a thickness vai-ying from 22 to 32 inches, 28 inches being the 
average. It is overlaid by dark shale, containing bivalve shells {Anthra- 
cosid), and the floor is rather hard sandy fireclay. The following may 
be taken as an average section in the district of Charnock Richard : — ■'■ 

Section of the Lower Coal- Measures at Charnock Richard. 

ft. in. 

1. Hard reddish sandstone, used for building and 

paving 7t* 

2. Flaggy micaceous sandstones and shales 141 
-.1 Thin Coal / 

4. Potter's clay -GO 

5. Sandstones and shales pa?sini{ down into black 

bass v/ith shells - - - 42 

G. Coal, Upper Mountain' Mixe (aveiuge) 2 4 

7. Underclay, rather hard and sandy - 2 

8. Hard flaggy sandstone and shale . - - 30 

9. Bluish shales resting on micaceous flags and 

shales - - - - - 240 

10. Coal, Lower Mountain Mine (Gannister 

Coal)- 1 C 



* Infomiation was very readily allbrded by the proprietor,-, and managers of tlie 
collieries, amongst -nliom I could especially mention j'Ir. Darlington, Mr. J. Smith, 
and Mr. J. Whalley. 
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The outcrop of the Upper Mountain Mine, together with the direc- 
tions of the faults by which it is intersected, have been traced on the 
map of the Geological Survey, chiefly from the plans of the collieries in 
which it has been worked. Near tlie northern end of Spring Wood in 
Heskin Hall gi'onnds it was reached in a pit at a depth of 72 yards, but 
in this neighbourhood it does not crop vip, owing to the boundary fanit 
at Eccleston Green, against which it strikes ere reaching the surface. 
It is brought, however, to the surface by a large fault, which ranges 
N. and S. bj' Heskin Bridge, and which jjroduces a downthrow on the 
west of about 100 yards. At Ox Hey Wood, on the east side of this 
fault, I saw the outcrop of the little coal, which lies 16 yards above tlie 
Upper Mountain Mine. The potter's clay, which here underlies it, is 
6 feet in thickness. 

The coal is considered to be broken off before reaching Red Lane by 
a large fault in a N.W. direction under the Bottom Mere of Park Hall, 
and which is considered with excvy probability to' bring down on the 
SAY. side the Arley Mine, nearly on a level with the Upper Mountain 
Mine on the opposite side of the fault. The depth from the Arley Mine 
to the Upper Mountain Mine has been variously estimated from 330 to 
360 yards, which represents the amount of the displacement opposite 
Park Hall. The outcrop of tlie coal is seen in a lane above Eoscoe 
Wood, east of Charnock Green, but in the valley of the Yarrow it is 
concealed beneath a thick deposit of Drift gravel. It has been worked 
around Gillibraud Hall, and from this it stretches in a N.E. direction 
towards Chorley, cropping out a short distance N. of Chorley ^parish 
church, and terminatirig against the large fault alreadv described as 
I'angina; in a northerly direction by Yarrow Bridge Inn. 

The displacement owing to this fault is so great, that the outcrop of 
the coal is thrown to the soutliward fur a distance of two miles, and it 
again sets in at Halliwell Field, and crops out along (he north side of 
the hill on which stands the old mansion called Hall o' th' Hill. In 
this district the coal has been worked in pits belonging to the Right 
Hon. E. Cardwell by INfr. Rowbottom."* A bed of mnsslve reddish 
sandstone, which overlies the coal, is 0])ened out in (he railway cutting 
south of Halliwell Field. 

Middle Co/d-iiiea.siircs. — Under this head we include all the beds 
from the Arli^y IMlnc upwards to the Worsley Four-foot Coal, which is 
probably represented by the f^e-M-n that crops out on the bank of the 
Douglas at Fairclough ^^'ood. In Sheet 89 X.W., however, only the 
lower part of the series i> present. 

The beds consist of an alternating series of reddish, grey, and yellow 
sandstones, shales of various characters, fireclay, and beds of coal, 
whicli lest upon flooi-.s of soft unctuous clay, generally called " warren 
earth," or " warrant," in Lancashire. The shales often contain nodules, 
or bands of clay-ironstone, but not in sufficient (|uantity or thickness as 
to render them available for economic purposes. 

The Arley Mine. — The lowest coal-seam of the Middle Series is the 
Arley Mine. This seam, -which in quality and value ranks next to the 
Caimel Mine around Wigan, has its ultimate outcrop towards the north 
in the Chorley district. Its thickness varies from 3 feet 6 inches to 
4 feet 6 inches, and the position of the outcrop has been ascertained, 
either by borings or actual workings, from the large fault north of 
Yarrow Bridge on the east, to that which ranges by Howe Brook House, 
Heskin, on the west. At Coppul Colliery the difficulty of working the 

* In a fault at this colliery galena and iron pyrites were found. 
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Arley Mine is iiicrenseil by llir prcbiMice of ii vikjI' dl' wliiii', cliiy lietwccii 
tlie usual black slialo and the coal. At Diixbuiy Colliery Ihis is :;r|)ii- 
vatod fvom tlie coal by 6 led. of black bass or sbale. 1 shall now indicale 
the evidence from which (he position of the onlcroj) has lieen (raced 
ou the map, as collected by niyseli' at the time (he surxey of the dis(rict 
was in progress (1859). 

iNorth of Yarrow Bridge (he outcrop has liceii ascei(aincd by (he 
workings of Duxbury Colliery to be ;i litdc north of Kei) Bank C'oKagc; 
but a pit which was sunk for sonic depth a(, Ilalliwell's Farm, uear the 
Duxbury Road, and which was inlended (o work the .Vrley ,Aliue al its 
extreme north-easterly limits, was drowned out by runiuiig sand. At 
Lighthurst the coal is (rayersed by a fault ranging nearly north and 
south, haying a downthrow of l.i yards on the east, and Avhich passes 
by the west of Duxbury Colliery. Ou (he west side of the fault the 
coal has been worked to a considerable exlenl from Burgh Hall Pi(, 
which was 90 yards in depth, and the outcrop of (he coal (under a 
deposit of drif(, sand, and gravel) was proved in a field about 180 
yards north of Birkacre Colliery. 

At Dry Dam Pit the Arley ^liiie was worked a( a depth of (50 yards ; 
and a short distance west of the pit it was found to be thrown out by a 
large upcast fault which ranges in a north and south direction, aud was 
found further north in the workings of the ^Mountain Mine w(>st ol' 
Gillibrand Hall. West of this fault the position of (he Arley i\linc is 
somewhat uncertain, but (he ou(crop (under the clay and sand) i-< 
considered to range by Coppul Kailway Station in a south-M-est direcdoii 
till it meets the large downthrow fault which ranges by HaydockV 
Farm, where it is again thrown back as far north as the little colliery 
which stands liy the roadside near this place. In this pit the depth 
was only 30 yards, and in U\(i others further west (di eidier side of the 
same road (leading to Chorley) the depth was 12 and '.VI yai-ds re--|)ec- 
tively. 

A short Avay further towards the sou(h-\\e^t the coal is cut off aud 
thrown down by the prolongation of the largo fault already de-eiibed as 
ranging by the east of Park Hall, where it was pro^-cd in the Avorkiugs 
of the Mountain _Mine. This is doubtless (lie same as (he " Great 
Shevington Fault '' described in the memoir on the "• ( icologv of A\ igan,''"' 
which produces such marked changes in the position of the strata along 
its course through the Wigan Coal-field. 

The position of the Arley Jline, and some of the overlying coal-seams 
south-west of the fault, has been pretty well ascertained by borings and 
shallow pits. ( )ne of these latter -was sunk near the southern end of 
the plantation called "Little A^'ood " west of Park Hall, and borings 
were put down in posilion south-wes( of this pit, so as to prove the 
course of the seam along the level or strike of the lied?-. From these 
borings, and judging by the strike and dip of the Mountain 3Iiiie fur- 
ther north, we may infer that the' coal trends in a south-west direction 
by ''Cooper's Allotment" with a dip towards the sotith-east. 

To the south of Pyebrook Ilall the Arley Mine must l)e traversed by 
the north and south fault which has been found at Heskin Collieries, 
and which has a downthrow of about 100 yards to (he west. Beyond 
this it has been worked near the crop in Pyebrook Colliery at a. depth 
of 40 yards, and was found to reach .5 feet in thickness. This is the 
extreme limit towards (he north-west of this remarkable coal-seam, 
which has been proved to extend from Prescot and Si. HeleiTs ou the 
south to beyond Burnley on the nortli, and Oldham, Staleybridge, and 



* 2nd edit., p. 24. 
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Poynton on the south-east. Before its area was circumscribed by 
denudation it must have been much greater in this part of England ; 
while (it may not be out of place to add) it has been attempted with 
much success to identify it with the " Black Shale " or " Silkstone " 
coal of Yorkshire and Derbyshire beyond the intervening gap produced 
by the Pennine Chain.* 

The Smith Coal. — This seam lies about 64 yards above the Arley 
Mine and is of good quality, though only from 2 to 3 feet in thick- 
ness. It is worked at Duxbury and Coppul Collieries. At the former 
the beds assume the form of a trough between the two faults already 
desciibed, in the centre of which one of the pits of Duxbury Colliery is 
situated.| The Smith Coal crops out along the banks of the Yarrow 
a few yards below Yarrow Bridge, and here the dip is towards the 
W.S.W. The crop at the opposite side of the trough is at Carr Houses, 
where the dip is E.S.E. From Duxbury Colliery the seam takes a 
S.W. direction, and crops out in the bed of the Yarrow, about 100 
yards above Dry Dam Colliery. Here the roof of the coal consisting of 
black shale with scales and teeth of fish, and shells oi Anthracosia may 
be observed. 

The Bone Coal. — Thib seam lies about 25 yards above the Smith 
Coal, and has been worked both at Duxbury and Coppul Collieries ; in 
thickness it is about 25 or 26 inches. It derives its name from the 
presence of splint or " bone " coal along with the ordinary coal of the 
district. Its outcrop occurs in the bed of the Yarrow near the bend 
above Duxbury Colliery, and about 180 yards above Dry Dam Colliery, 
not far from that of the Smith Coal already indicated. 

The Yard Coal. — This seam lies about 47 yards above the Bone 
Coal It has as yet been very little worked within the Duxbury and 
Coppul districts, though it is considered in the Wigan field a very 
valuable seam. The outcrop occurs in the bed of the Yarrow at Dux- 
bury Mill. Some distance above it is a seam of very inferior quality 
called the " Eavin Mine." 

Cannel and King Coals. — The position and thickness of these seams 
have already been described in the memoir on " The Geology of Wigan.":]: 
They are both thinner towards their northern outcrop at Duxbury than 
at Wigan. At Duxbury the thickness of the Cannel seam is about 
12 inches, and of^ the King 18 inches, but at Welsh Whittle the thick- 
ness of both seams has increased. The following section ^\■^<\•3 taken at 
j^Ir. Key's Culliery : — 

Section at TVelsh JVhtttlc. 



ft. 



m. 



Strata (depth irom surface)- - - - 27 

Cannel ... (average) 1 2 

Strata - . - - - 45 o 

Khui Coal - - 2 5 

In the roof of the Cannel seam, consisting of black shale, were found 
scales of fishes, bivalve shells {Anthracosia) and fern frondg. 

The Cannel and King coals crop out a .short distance above Mr. Key's 
Colliery in Syd Brook, also at Throstle Nest, in the bed of the Yarrow 



* IMl's " Coal-fields of Great Britain," Srd edit., p. 241. 

t I may here express my ackjio-wledgments lo the proprietors and managers of 
Duxbury and Coppul Collieries, -who afforded me every information and assistance in 
their power during the progress of the survei . 

t pp. 17-18. 
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near Throstle Nest, and below Mr. Iliirnrea\e's uew colliery. The fol- 
lowing section of strata both above and below the Channel seam w;is 
m^ade out in descending the Eller Brook to its junction with the 
Yarrow : — 

ft. 

1. Flaggy standstone interstratified with shales (about) 15 

2. Grey and dark shales \vith ironstone bands and 

nodules immediately overlying the Cannel and 

King coals - - 20 

3. Position of Cannel and King coals ^ 

4. Seat clay of coal, fireclay 3 

5. Black shale with bands of ironstone - .'ill 
f>. Hard cherty sandstone :'< 
7- Grey shales with ironstone „ 
8. Sandstone and shales interbedded „ 

These are the highest seams of coal which occur in Sheet 89 N.W. 
Yet, they form but the lower members of the series which are found in 
the Lancashire Coal-field, and which set in with the dip of the strata in 
the direction of Standish and Wigan. 

E. II. 
Cofil-Mefixnri\':, rfc. 

Since Prof. Hull completed his survey of the Carboniferous tract in the 
south-east corner of 89 N.AV., tvro or three new sections have been 
exposed ; one of these occurs in a cutting for a railway siding near Eller- 
beck, south of Coppnl, where the following succession of beds is seen : — 

Fig. 18. 

Sbciion in a Rjuxway SmiNG, Noktu of Eller Beck Hall. 

NoKTu-'WEST. Socrn-E-Vhr. 




Lower Coal-measures, Hard Grey Sandstone. 
M.S. A thin bed of Middle Sand. 

Another railway section in the Lower Coal-measures occurs near 
Heapey, east of Chorley ; thin bedded sandstones associated with dark 
grey shales, containing calamites and ferns, are seen for some yards in 
the cutting east of the bridge. 

In the district west of Coppul Station several new collieiies have 
been opened during the last ten years, in fact this tract was at the tim". 
of Prof. Hull's survey entirely unworked. To the north the Blains- 
cough Hall Company have several pits, in one of which occur the coal- 
seams given in the following abstract, for which I am indebted to the 
manager, Mr. Dickenson. 

ft. in 

Soil ' - - I '. 

Sand - - 10 t; 

Strong buck-leaf marl - 30 

Quick sand - - .5 

Buck-leaf marl 7 ' • 

Loam and sand - 5 

Buck-leaf marl 8 

Quick sand - . - (i 

Buck-leaf marl with blue boulders - 9 
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ft. 


in. 


ft. iu. 


Measures 


- 41 


(i 




Coal (Wigan !) feet) 


5 


() 


140 6 


Measures 


98 


'.) 




Coal, inferior 


1 







Measures 


- 68 


6 




Coal 


1 


3 




Warrant 


- 


8 




Coal 





7 


310 3 


Measures 


72 


5 




King Coal 


3 


11 


386 7 


Measures 


- 58 


1 




Raven Coal 


1 


(i 


44(! 2 


Measures 


lL'2 


I) 




Yard Coal 


2 


5 


.-,71 4 


Measures 


],« 


4 




Bone Coal - 


1 


10 


706 f. 


Measures 


82 


■A 




Smith Coal (Bottohis) 


.5 


3 


7S1 9 


Measures 


-11 


3 




Cannel Coal 





■> 


830 2 


Measures 


150 


3 




Arley Mine 


4 


fi 


984 11 


Measures 


- 15 


9 


1,000 8 



Tlirec large faults have been proved in these collieries, two ruuuing 
ill a north-north-'westerly direction, and having westerly downtlirowt?, 
the other being a cross fault, ranging (S.W. and N.E. from the Old Oak 
Tree, across Tan Yard Broolc, until it is terminated by one of tlic faults 
mentioned above, which forms the eastern margin of this belt of Coal- 
measures, having a westerly downthrow at this point of not less than 
320 yards, the Mountain Mine having been worked on the opposite side 
of the fault; further to the south, near Cowmoss, the throw of the fault 
is less, being 280 yards. From this point this fault it is believed lies in 
a S.S.E. direction towards North Hall, in 89 8.AV., and even further. 
A boring made by Hic-bibi Brook, about 250 yards east of the railway, 
came on a fault, which is believed to be the same as that running across 
German Lane, and by Cowmoss, which I propose to ctiU the Coppul 
fault. Its northerly extension in 89 S.AV. is by Cowley Wood and 
Charnock Old Hall, until it is terminated by or coalesces with another 
fault, south of Bottom's Green, which has been described by Prof. Hull. 

The downthrow of the fault forming the western margin of the 
Blainscough Hall tract is believed to be not less than 200 yards, but 
possibly its throw is much less. That of Tanyard Brook cross fault is 
150 yards to the S.E., throwing in the Wigan 9 feet at the surface, at 
Spenmore Lane. 

The construction of a line of railway between Chorley and Blackburn, 
has exposed many new sections, in one of them, between Brinscall Row 
and station, and the siding to the Abbey Mill, the crop of a coal over- 
lying a bed of fire-clay may be seen ; this coal and a thicker seam were 
formerly worked iu the Withnell Collieries, and the fire-clay is largely 
wrought for fire-bricks, an adit level running into the hill just above 
the railway, where boulder clay with erratic pebbles overlies dark brown 
and mottled shales vv^ith ironstone nodules, dipping into the hill at 18° 
to the N.W., overlying a 16-inch coal resting on from 5 to 7 feet of 
flre-clay and 2|^ to 3 feet of Gannister sandstone, overlying shale which 
has been proved by boring to be 14 feet in thickness, which rests on the 
4-feet coal, one of the Mountain Klines. 

These beds are cut otf to the north by a N.E. fault, between Brinscall 
Row and Pike Lowe, which I propose calling the Brinscall Fault, which 
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brings up the shales underlying the Rough Rock, which have been bored 
into to a depth of 1 20 yards, on the west side of the fii'ld south of lioard- 
man's Heights, and at St. Paul's Church brings the Rough Rock to the 
surface, which is well seen in the adjacent quarry, between (wo beds of 
which is a bed of purple shale, from o to 7 inches thick, which has been 
found, by analysis, to contain a very large per-centage of metallic imn, in 
the form of per-oxlde ; in the grey micaceous beds here and at Pike 
Lowe Quarry, are many largo purple patches with a yellow external 
shell, and many Calamitcs, and traces of other plant-remains lie in the 
planes of bedding, to the decomposition of which many long iron- 
stained markings may be due, which are particularly frequent in the 
finer grained portion of the grit, from which are made paving slabs 
5.V feet by 5. 

South of the chureli the fields ai'e completely riddled with small 
shafts, in which the coals were formerly worked, the deepest being 
about 18 yards ; the level in the fireclay below is about 48 yards long, 
and dips into the hill about 5°. 

Another N.E. fault runs nearly parallel to the other, passing by 
the brick and tile kilns, throwing the coal ami other beds down 15 yards 
to the S.E., preventing the thick from having much outcrop at the 
surface. At the time of my visit (May 1872), a shaft was being sunk 
south of this fault, near the gasometer of Withnell Mill, which had 
reached the thin coal at 8^ yards. About 150 yards south of this a large 
fault with a north-west downthrow occnrs at the base of the escarpment 
of Kinder Scout Grit, forming the eastern side of the valley. At the 
base of this, a few yards further south, a small tract of Yoredale shales 
are thrown in by another fault ranging about N. 30 W., which is well 
seen in the large quarry in some fine-grained beds of Kinder Scout 
Grit, near Barnes. Higher up on the hill the grit is coarse, massive, and 
conglomeratic, containing large white quartz pebbles, the fine seams 
often exhibiting impi-essions of plants, some of them of a flue purple 
colour. The Yoredale shales, witli fine grained interbedded bands of 
grit, are well seen by the side of the road in Edge Gate Lane, the di[) 
being S.E., into the hill against that of the Millstone Grit higher up, 
which is N. 60 W. at 15°, or with the hill slope. 

Flagstones (Second Grit), and black shales, are seen in Red Lee 
Wood, on the banks of the river Roddlesworth, the shales dipping 
N. 10 E. at 20°, on the east side, and N.N.W. at 5° on the other side, 
where a little higher is an old adit level which I am informed was 
driven to a 10-inch coal, but the quantity of water was too great to 
admit its being worked. 

Hard massive Third Grit is seen above the engine house, and black 
shales, with small bulHons of Gannister surrounded by a thin shell of coal, 
at the entrance to the tunnel of the waterworks, where the bank is 
above 80 feet in height. Between these points Rake Brook fall into the 
river, by the side of which a boring was made in 1849, halfway be- 
tween the road and tlie river, 240 feet in depth, a coal 1 ft. 3 in. being 
met with at a depth of 52^ feet ; the lower beds accord well with the cha- 
racter of the basement bed of the Millstone Grit or Kinder Scout Grit. 

High up on the Fell, at Bromley Pastures, a boring was made in the 
Kinder Scout Grit, 150 yards from the wall, in which a coal 1 ft. 8 in. 
was met with at 120 feet from the surface. In the old pit on Green 
Hill, Pimmes, 37 yards from the wall, the same coal occurs at 15 yards, 
and in an adjacent bore-hole, 9 yards from the Avail, a 2-feet coal 
occurs at 20 yards, which was worked in the pit, distant 30 yards from 
the wall, which was 30 yards in depth. 

East of these moors, a boring was made by Tilestone Quarry, Halli- 
0514. Q 
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well Fold Scar, 130 yards in depth, through alternating beds of grit, shale, 
flags, no coal beina; met with; the quarry was formerly largely worked; 
it is in the Tliird Millstone Grit.*— C. E. R. 



CHAPTER Y 



COUNTRY EAST OF THE ANTICLINAL FAULT. 
Lithological Description. 
The lowest beds reached in this district are the shales below the 
Yoredale Grit ; above these we have nearly the whole of the grit series 
up to the Rough Rock. 

The following table gives a li«t of the measures, with their approximate 
thicknesses in feet : — 





n7. 


Rough Rock - 


100 to 225 




16. 


Flags 


30 to fiO or 75 




15. 


Shales 


75 to 200 or 225 




14. 


Grit A. 


30 to 180 


^ 


13. 


Shales 


50 to 105 




12. 


Grit B. 


25 to 80 


11. 


Shales 


- 35 to 110 


10. 


Grit C. 


55 to 200 


to 


9. 


Shales 


- 75 to upwards of 170 


s 


8. 


Grit D. 


30 to 200 




7. 


Shales 


- 75 to 200 




6. 


Kinder " 






5. 


Shales > 


- 200 to 350 




4. 


Kinder . 




.s 


" 3. 


Shales. 




"i ■* 


■2- 


Yoredale Grit. 




s 


L 1. 


Shales. 





The bed No. 1 , or Lower Yoredale shales, consists of blue, grey, and 
brown shales, with occasional limestone nodules and a little ironstone. 
There are, however, few good sections as the ground is much obscured 
by landslips. 

This is succeeded by No. 2, which is a very irregular and troublesome 
formation. It consists sometimes of a Ihick, massive, coarse grit, pre- 
cisely similar in character to the Kinder Scout Grit in its most typical 
form, and at other times of a few lenticular masses of sandstone, or of a 
series of shales and thin sandstones ; and the changes are so abrupt 
from huge masses of grit to beds consisting almost entirely of shales, 
that we had often great difficulty in determining whether or no we had 
separate beds of grit and shale faulted against one another. 

These changeable beds are succeeded by No. 3, a set of shales, some- 
times black, containing fossils, nodules, and thin bands of limestone. 
A small area of these shales occurs between the anticlinal fault and the 
cliffs on the crest of Blackstone Edge ; they may be seen in a brook near 
the fault and on the north side of the Roman Road. These are also, at 
least in their upper part, very changeable ; there is sometimes a well- 
marked and tolerably sharp break between these and the overlying grit ; 
while at other times the passage takes place by means of large, coarse, 
and massive lenticular beds of grit to No. 4, the lowest bed of Kinder. 
This is a coarse, massive grit ; it is sometimes separated by a bed of 
shales, No. 5, with an- occasional coal smut, from No. 6, another grit. 

* For the detailed journal of this boring, and of others in the district,! am indebted 
to John Park, Esq., of Abbey Mill.— C. E. K. 
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The two beds, 4 and 6, together ni-e generally of that coarse and massive 
character which, with few exceptions, the Kinder Grit has continually 
had throughout the Millstone Grit area to the south. It forms here 
too characteristic weathered stiicks of queer sliapes, full of pot holes 
formed by water or the weathering out of concretions, on the edges of 
escarpments or the brows of hills. — J. E. D. 

Fig. 19. 




Weathered Rocks on Blachstonc Edge. 

The accompanying figure of such weathered rocks on Blackstone 
Edge is from the pencil of Mr. Hull. 

This rock not unfrequently makes a good building stone, and the fine 
church at Heptonstall is built of it. 

It is overlaid by a series of shales and s;indstoue,* Nos. 7 to 15, 
inclusive. 

These beds of sandstone vary much both in character and thickness, 
within sometimes but very short distances. Some of these beds are 
decidedly gritty, and some yield good flagstones, while others are of a 
hard calliardy nature and furnish capital road material. We have ob- 
served in the country south of our present district, say from Bradfield 
northward, that in ascending the Millstone Series we first come upon 
Gannister on or about the horizon of the Third Grit. These beds are 
coloured red as being on the general horizon of the Third Grit of 
Derbyshire. 

The bed D. has for a distance of four miles, from Crimsworlh to Lud- 
denden, a coal, sometimes at its baie, sometimes in the body of the rock, 
which has been worked. These seams of coal occasionally occur in 
connexion with some of the other beds. It is well known that all the 
grits and sandstones in the Millstone Grit Series are liable to liave thin 
coals on them, but these are seldom workable. — J. E. D., J, C. W. 

Over this series of shales and sandstones comes a bed of excellent 
flags. No. 16, generally largely quarried, overlaid by a well-marked and 
very persistent bed of coarse grit. No. 17. The flags are probably the 
equivalents of the Haslingden Flags of Lancashire^ ; the grit is the 
Rough Eock. Where these beds are separable we colour the flngs 
oTffii.— J. E. D. 



* See Memoirs of the Geological Survey, Explanation of Quarter Sheet 88, 
S.E,,p. 6. 

g2 
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Stratigraphical Description. 

The Lower Yoredale Shales appear at Todraorden, and for about two 
miles east of that town, in the valley of the Calder. 

They are overlaid by the Yoredale Grit, the base of which bed 
descends to the Calder near the foot of Stoodley Clough. This grit is 
overlaid on both sides of the Calder by the Upper Yoredale Shales, 
and these by the Kinder Grit. This latter rock is thrown down at 
Stoodley Pike to the level of the Yoredale Grit by a fault running down 
the Stoodley Clough, which we shall speak of as the Stoodley Clough 
Ihult. 

South of this fault the Kinder Grit rises from the anticlinal fault, 
with a steep dip of 15° to 25°, till on the crest of the hill it becomes flat, 
.and then falls away eastward, with a gentle dip slope, and passes regu- 
larly under the higher members of the series. 

Immediately east of Langfield Edge the denudation has been great 
enough to expose the Yoredale Shales in a valley running down to St. 
John's. Here the country is much broken by faults, the details of 
which we reserve for future consideratioti. The Stoodley Clough fault 
is connected with these dislocations. North of that fault, and some 
branches of it, we find the Kinder crowning with a bold escarpment 
the sides of the Calder and Ilebdeu valleys and the Colden and Haxbridge 
Cloughs, whose lower slopes of Yoredale vShales are for the most part 
"well wooded. 

On the west side of the Hebden the Kinder runs round in a narrow 
lieU, enclosing outliers of Third Grit. On the east it is overlaid in 
ief;ular succession by all the higher members of the Millstone Series. 
The structure of this part of the country will be best judged of by a 
glance at the sections, by Mr. J. C. Ward, Fig. 22, p. 114." 

Both run cast and west, No. 1, about a mile north of the Calder, 
No. 2, from two to two and a half miles north of the same river. 

South of the Calder the Third Grit beds, with the exception of the 
lowest, run round as outliers to form the detached Soyland Moors 
included between the v.alley of St. John and Ripponden. The lowest 
bed D. runs down to the Calder at Sowerby Brig, whence with the 
overlying grits it rises up on the north side of that stream ; and they 
all circle round the Lnddcnden A^alley, enclosing in the bottom thereof 
:iu inlier of Kinder. In the JS.E. the Rough Rock and its basement 
flags form Ihe well-marked and lofty escarpment of Cold Edge. 

" Anticlinal Fault.'' 

It will be as well, before beginning the detailed description of the 
rocks, to give the evidence for the position of the anticlinal fault. 

This fault is proved by the ending off of the escarpment of Kinder 
Scout Gilt on Longfield Edge, and by the Yoredale Grit and shales 
abutting against beds of the Third Grit Series at Todmorden. On the 
north side of the Calder Valley, in Stanally Clough, on the line of 
direction of the fault, we see a fault which throws Kinder on the 
Avest against Yoredale Shales on the east ; on the same line we have 
the grit escarpment of Hudson Moor broken by a fault which brings 
the Kindei- Scout Grit on the east against a Third Grit on the west ; 
there may be some doubt as to the exact spot where the fault crosses 
Paul Clough, but it cannot be far from where we have drawn it, as 
above that point we have, with the exception of one section in shale, 
coarse grit reaching right up to the Kinder Scout Grit moors of 
Hawkstones Common, and below it we have a regular succession of 
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grits and shales in nsocndiug urdrr, Avluch gi\ cs us all tlic grit bed^ above 
the Kinder Scout Grit, with the excepliau of the lowest Third Grit, 1). 
It is possible that the lowest bed we get, consisting of sandstone, fine 
grit, shales, and tiles, may be the topmost part of U., but the main mass 
is nowhere got in Paul Clough. So tlie position of the fault is fixed 
very approximately. North of Paul C'lough, Black llambledon consists 
of Kinder bordered by shales of the Third Grit Series. In Black 
Clough vertical beds of sandstone and shale and a fault at the spot are 
seen. This will do very well for a point on the anticlinal fault. The 
Kinder escarpment of Gorplestones ends abruptly at Ilaiestones ; this 
gives another point. — J. R. D. 

At the head of the Widdop Valley the Kinder escarpments on cither 
side end off abruptly, and the Yoredalcs Shales of the valley abut against 
one of the Lower Third Grit beds on the west. North of this the fault 
lessens its throw until joined in Heyslacks Clough by the fault that 
passes east of Greystone Hill, after which we again have the Yoredulo 
Shales against the same Third Grit. Further north along the western 
flank of Boulsworth we find a mass of Kinder Grit ending off abruptly. 
This grit is seen in many places north of Round Hole Springs to be 
dipping N.N.W. at angles of from 40° to 60°, and striking at the upper- 
most Third Grit, which can be very well traced running parallel to the 
unmistakable Rough Rock of Willy Moor and Ueeistone ^U>i_ir. No 
other Third Grits are here seen, in fact there would not be room 
for them to crop out, and the run of the bed is inexplicable without a 
fiiult. 

We will now give some evidence for the great east and west fault 
which passes between Boulsworth and Crow Hill. 

The Kinder Scout Grit north of Round Hole Springs referred to aliox c, 
and of Pot Brinks Moor, striking E. 35° N. and dipping at angles of from 
40° to 60°, ends off rather abruptly, and in Saucer Hole Clough to the east 
nothing but shales and sandstones are seen, tliough the section is not a 
good one. At a point in the Clough close to the B in "Broad Head Moor " 
(1-inch map), two faults are seen, one of which throws grit against shale, 
and its direction apparently agrees with the line of fault inferred from 
the ending off of the grit of Pot Brinks jNIoor. "\'ery little can be seen 
on Broad Plead Moor, owing to the thick covering of peat, but the Kinder 
Scout Grit escarpment of the Great Saucer Stones :i|)pears to be cut off 
eastwards by a fault, and disturbances appear at \\'alshaw Detai Head 
and in Red Mires Clough, though the fault is not actually seen. It is 
well shown in Middle Moor Clough, a little further to the east. It is 
very evident a great fault must pass between the undoubted Kinder 
Grit of Walshaw Dean Plead and Jackson's Ridge, and the grit of Crow 
Hill which there is good reason for beheving is the Rough Rock. At 
Walshaw Dean Head the throw of the fault must be equal to the thick- 
ness of the whole grit series from the top of the Rough Rock to the top 
of the Kinder Scout Grit, probably upwards of 1,000 feet. — W. G. 

Detailed Description. 

We now proceed to describe the beds in detail, beginning with tha 
lowest. 

Voredale Shales. 
The Lower Yoredale Shales are only found in the immediate neighbour- 
hood of Todmorden. They are to be seen in the clough, and New Broad 
Clough, immediately to the south of that town, where they contain lime- 
stone nodules, and goniatites, and pass rather gradually into the Yoredale 
Grit above. In the next clough to the eastward, viz., that descending 
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from Lee, or Lumbutts Cloiigli, these shales form the western side, where 
a very good junction is got between tliem and tlje overlying grits. In 
the next clough eastward, Shaw Clough, we have in the lower part 
rolling beds of these shales. 

North of the Calder the railway cuttings give sections in these shales. 

In the country north of Todmorden the Yoredale Grit seems to be 
absent, so that the Lower and Upper Yoredale shales form one unbroken 
series. We have the following sections : — In Stanally Clough, north of 
the anticlinal fault, we have beds of shale with the following dips, 
showing 25°, 10°, 5°, 30°, 20°, 7°, 15°, in an average west direction ; 
these uoutain near the top of the clough beds of flaggy sandstone. 
Finally ^xe have vertical beds of shale and sandstone; here we suppose 
a fiiult to cross in a N.W. direction, which cuts off the Kinder escarp- 
ment running down above Springs, 

Below the Kinder escarpment we get universally sections in shales, 
rolliug about n good deal, but as we approach the middle of the valley 
the ground is much obscured by huge landslips ; these are doubtless due 
to the fact that the beds, which on the height,s have an easterly dip, 
turn over and plunge towards the anticlinal fault, so that all the higher 
beds have entirely slipped away and been long since removed by denuda- 
tion ; while the lower beds, consisting of shales' and occasional sand- 
stones, and in places of the great series of interbedded massive grits and 
shales known as Yoredale Grit, strew the ground ^^'ith their debi'is in 
the shape of huge slipped masses which have not yet been washed 
away. 

At Cross Lea we have a quarry in a peculiar grey or white grit ; this, 
if in place, which must be doubtful in a country so covered with land- 
slips, may be Yoredale Sandstone. 

East of Dungeon Top we have grey sandy shales with thin tiles, 
beds rolling much, a large number of dips being down hill, if they are 
true, then a mass of shales at high angles, then shales with beds of fine, 
hard, close-grained grit, interbedded in a very irregular fashion ; this 
may possibly be the same bed as that at Cross Lea, which it is like. 
The clough running from near Winsley gives the following sections, as 
we descend the clough : — Shales and thin sandstones, then shales with 
the following dips, 6° E. by S., 8° N.E., 20° E., 8° S.E., 5° S.E., 12° 
S. by W., 14° S. by W., 15° S. by E., 30° S., 0°, 31° X. by W., 31° N.E., 
27° N. by E., 90°, and then grit, and finally shales. The grit forms the 
Hough Stone between ^\'ickcnberry and Holebottom. We suppose it 
to be faulted on the S.W., as certain high dips and the sudden termina- 
tion along a straight line of the massive Yoredale Grit of Cross Stone 
would seem to indicate. But it is uncevlaiu whether the Hough Stone 
is in place, or whether it may not be a great slijaped mass of Kinder 
from above. If it is in place, it would seem to be quite a casual bed, as 
we cannot trace it far eastward, and on the west it ends abruptly along 
the same line as the Yoredale Grit ends along. There is a similar detached 
mass of grit at Lawhill, which may be a slip, a faulted mass, or a casual 
detached or rather lenticular Ijcd. This latter rock contains casts of 
shells, pronounced by Mr. Etheridge to be Edmondia sulcata. 

Yoredale (Jnl and Shales. 

East of Wickenberry Clough we have this series of beds : — ■ 

Kinder Scout Grit. 
Shales. 

Yoredale Grit. 
Shales. 
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The Yoredide Grit at Cross Stones is a thick massive coarse grit and 
conglomerate. It ends off west of Cross Stone suddenly along a N.W. 
and S.E. line, which, combined with the disturbed state of the under- 
lying shales, has induced us to put in a fault along this line ; but the 
country is so covered with huge landslips of grit and shale immediately 
west of this line, and the Yoredale Grit is so apt to break up into 
lenticular masses of grit imbedded in shales, that it is quite possible, not 
to say probable, that the roclc is not faulted along that line, but has 
merely slipped away ; if so, it is probably beeuuse it here becomes split 
up into such lenticular masses, and so does not form a continuous solid 
stratum of stone ; and then, the beds having a dip towards the valley 
near the anticlinal fault, these isolated masses of grit have slipped away 
from their place, leaving the solid mass of grit we find at Cross Stone 
standing up in a wall resembling the feature formed when a fault brings 
a hard against a soft bed. 

In either case the Yoredale grit does not continue aa a mapable bed 
to the north-west. 

At the east end of Cross Stone a thick bed of ehale of a singularly 
concretionary character, with thin veins of sandstone traversing it in a 
direction at right angles to the bedding, caused apparently by infiltration 
of sand, sets in quite suddenly, so suddenly as to look at a little distance 
exactly like a fault. The upper part of the grit is seen running on 
unbroken above this shale band. The lower part of the grit, too, is 
believed to run on under the shale, as there is a slight feature on the 
ground in that position ; and in the next clough grit appears again 
about that horizon. 

The upper part of the grit eastward becomes gradually a very thin 
bed of sandstone, till at the next clough it is only a few feet tliick ; 
there we see it over and under laid by shales. Immediately, however, 
on the east side of this clough grit sets in again very strong, being both 
coarse and massive, and upwards of 100 feet thick ; but this probably 
includes a band of shale, which, however, can be but thin. In the next 
clough, Ingham Clough, all is again changed; instead of a great mass of 
grit and conglomerate, with perhaps a thin shale band, we have here a 
series of grits, sandstones, and shales, in which there is quite as much 
shale as sandstone, if not more. Here we get the following succession 
of beds. 

At the bottom is a coarse grit, which is seen in the railway-cutting on 
the east of the clough dipping at angles of 25° to 50'^ to the east. In 
the clough what looks like the upper part of this bed consists of shales 
and sandstones, at the bottom of which we have good grit wedged in a 
queer way among the shales. The beds are very much disturbed, 
dipping at 50° or 60° to W. ; it is possible there may be some fault. 
Above these beds comes a bed of pure shales, overlaid by a thin sand- 
stone, which contains a shale band in it in places ; and over all comes 
the main mass of Upi^er Yoredale Shales. The higher parts of these 
have thin sandstones interbedded. Some of the highest beds are blue 
shale, over which comes the Kinder. 

If we trace out the beds of Yoredale Grit eastward, we find the 
lowest bed runs down to the Calder opposite Stoodley Clough. The 
highest bed seems to thicken eastward, becoming a massive sandstone 
with a little interbedded shale. Its top runs nearly to the level of the 
base of the Kinder above Eastwood station. This is owing to the beds 
being thrown down on the east by a fault, which, judging by the change 
in character of the ground, runs to Whitley Royd, up to which point 
the Kinder has a fair csctirpment. This fault, after it reaches the 
valley, must turn sharply and run in a southerly direction along the 
valley, under the alluvium, as far as Stoodley Clough ; here it again 
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turns sliiirply and runs up that clough to where it breaks the Third 
(irit escarpment on Erriugdeu. 

The I'eason is apparent, for we find a grit on the east side of the 
Calder correspondinj? witli the Kinder on the west. This grit runs 
from the foot of Parrock Clougli as far as Stoodley Clough without 
being broken by the fault from Whitley Royd, and faces the Yoredale 
Grit on the opposite side of the valley, from which it must needs be 
parted by a fault in the valley ; this fault in the valley is not seen, being 
concealed by alluvium and the great amount of detritus Avhich forms the 
western l_iank of the valley. In Stoodley Clough the Kinder abuts 
against the Yoredale beds, and the fault is seen in the bank of the 
stream pointing for the end of the Tiiird Grit escarpment. The Yore- 
dale beds in Stoodley Clough are as follows : at the lower end of the 
clough we have .-^hales dipping at 24° to E. This must be near the 
fault ; these shales are overlaid by a bed of grit, this by a band of shales, 
and then by a sandstone, the topmost bed of the grit. These beds form 
no good escarpments southward of the clough ; but they appear to be 
higher than the corresponding heds on the ojsposite side ; there would 
thus seem to be a fault in the valley downthrowing on the west, but it 
is quite hidden by debris. 

The next clough is Shaw Clough ; here we have in the lower part 
shales rolling ; these are succeeded upwards by grit dipping at 7° to 10° 
to E. and fS.E., this by saudy shales and sandstones, these by a thin 
sandstone and shale. We do not get the very highest beds, as the 
Yoredale Grit is here faulted along its southern boundary. Westward 
the shale bands become feeble, and all along Eaven Nest Wood and 
Doroad Scout we have a fine escarpment of coarse grit, which at the 
south end of the scout is thrown down into the valley, so as to form the 
east side of Lumbutts Clough ; the western side is formed of shale, so 
there must be another fault along the clough. This is the fault which 
breaks the Kinder escarpment of Bald Scout; it throws down on the 
east. 

The base of the Yoredale Grit runs up from the stream at Causeway 
Mill, and forms an escarpment along the west side of the clough. As 
we go westward the bed becomes very slialy, the roek at times seems to 
consist almost entirely of mere small detached masses of grit imbedded 
in shale. The country is much covered with landslips below the grit. 
Still further west, near Todmorden, the grit thickens again, consisting 
of massive coarse grit in irregular beds, in which are some large 
quarries. At Shewbroad the lowest bed consists of sandstone and 
shales dipping west at 16°. Near here the Yoredale beds abut against 
the anticlinal fault. 

East of the Stoodley Clough fault we find the Yoredale shales 
underlying the Kinder Grit; sections are obtained in Parrock and Oak 
doughs on the south side of the Calder. In Oak Clough the beds are 
dipping east at 20°, and consist of shales and sandstones. In Parrock 
Clough we have nearly continuous sections ; first we have shales, above 
these, shales and sandstone, dipping at about 10° to the E. by N. ; then 
shales, 10° to 17° to E. ; the dip of 17° was taken near where we suppose 
a fault to cross. 

The shales in Parrock Clough lie on the horizon of coarse Kinder 
Grit, which is found on both sides of the clough, forming the hill above 
Burnt Acres on the west, and on the east the massive escarpment below 
Croustonstall ; so that these shales are either, as we have mapped them, 
beds included between a pair of trough faults, which bring them against 
the Kinder Grit on either side ; or else, which is a possible though 
perhaps not so probable an explanation, they are the equivalents of 
the Kinder Grit, which must then be supposed to change its charaeter 
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suddenly for a short distance and again recover it as suddenly. This is 
certainly possible, but as the Kinder (iiit is on the whole very persistent 
in eharacter, we think it more probable that the l)eds are I'aulted. 

Beaumont C'longh gi\ e» >cetions in Yoredale shales dipping at 6°, 
10°, and 15° to S.E. The railway entting gi\es sections in blue shales 
and interbedded sandstones, surrounded by a lot oi' grit rubbish. Tlie 
beds arc rolling. 

In the country between the anticlinal and Lumbutts fault on the 
south side of Calder we have many sections in Uppci' Yoredale shales. 
These beds there consist of grey and brown shales, sandy shales, with 
beds of tiles and tine-grained grits in torst ratified. In tlic extreme -west 
the beds have a dip of 5° a little to the E. of S. In Black C'lough 
(which runs between High Lee and Wood Pasture) we have in ascend- 
ing order dark grey shales, dip 2° to S. ; grey sandy shales, ilark grey 
sandy shales, dip 10° to S. by E. ; grey shales, grey sandy shales, shales 
and tiles rolling, sandy shales, and fine-grained flaggy grits. In Heeley 
Clough, which runs nearly parallel with and close to Lumbutts fault on 
the north side of High Lee, there is a lot of disturbance, and the dips are 
much more eastei-ly, of 10°, 32°, and 50°. On the east side of the 
aboA e-mentioned fault we have not many sections ; we ha\e some in 
sandy shales near JNlankinholes, and a fine section in dark blue shales 
immediately under the Kinder Scout Grit, just where the fault at 
Stoodley Pike crosses tlie escarpment. 

In Withens Clough, which flows eastward from Langfleld Edge to 
.St. John's, we have shales iuterstratifled with grits and sandstones, and 
also pure shales, dipping so as to pass under the Kinder Grit of the 
moor. These, then, are Yoredale shales. As we go down stream the 
beds become much disturbed. They consist of shales rolling about ; we 
have dips to all points of the compass in the main stream or in its 
feeders, but on the whole we should say the dip is to S. by E. 

On the north side of the Calder the ground is mucli obscured by land- 
slips, but the great Calder Clough gives sections in Yoiedale shales 
which in their upper part contain many intercalated masses of grit, 
which sometimes merge into the overlying Kin<ler Scout ( irit. In Jumble 
C'lough, which flows from Hippings, the grit beds ou this horizon arc so 
thick, massive, free from shale, that we have been forced to include them 
with the Kinder, from the normal base of which I'ock they are seen at 
the eastward to be parted merely by a thin shale band, while no shale 
at all was seen on that horizon in Jumble Clough, though it may exist 
there hidden by heaps of detritus. — J. R. D. 

The Hebden Valley and Horsebridge Cloughs also give i/xcellent 
sections in the Yoredale shales. In the upper part of the Hebden 
Valley, north of Walshaw, many lenticular sandstone masses, like those 
mentioned above, may be seen. These must not, however, be confounded 
vvfith certain great slipped_masses of Kinder Grit occurring on the eastern 
side of the valley, of which the line of crags called Hardcastle C'rags is 
an example. The thin bands of limestone that occur in these beds are 
best seen in Horsebridge Clough. The following fossils, as determined 
by Mr. Etheridge, were found in this scries : — 

Aviculopecten (Lanistes) rugosus, Philhps. 
Posidonomya Gibsoni, Brown. 

„ vetusta (young of), Sowerby. 

Goniatites Listeri, Mart. 

,, obtusus, Phillips. 

„ crenistria, Phillips. 

Sigillaria, sp., Philhps. 

J. C. W. 
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The Yoredale shales of the Hebden Valley reach up stream as far us 
Blackden Bridge, where the stream bifurcates. In the Alcomden Water, 
which flows from the north, we have a natural base to the Kinder, but 
in Gorple Water, which flows from the west, we find ourselves suddenly 
on Kinder Grit, which therefore we conclude to be brought in by a fault. 

In the head waters below Gorple we have a few sections in Yovedale 
shales containing interbedded grit aud sandstone, dijppiug at 22° to 
the east and rolling about. — J. E. D. 

Widdop. — This beautiful little valley of Yoredale shales is almost 
entirely surrounded by fine escarpments of Kinder Scout Grit, which at 
the Cludders, probably by the action of subaerial causes, have been made 
to assume the appearance of castellated ruins, while the slope below is 
strewn with masses of grit which have fallen from above. The view of 
the Cludders from a point on the road to the N.E. is very fine. Nearly 
close up to the rock sandy shale is seen in the paths which come into 
the valley from the southwards, and sections in shale and flaggy 
micaceous sandstone dipping S.E. at 27° are seen at Clough Head, near 
Ladies Walk. Between Ladies Walk and the Widdop Water shale is seen 
dipping E. at 30', and east of Ladies Walk shale dipping E.S.E. at 10°. 
West of Wood Plumpton shales and sandstones are seen dipping west- 
wards. At the head of the valley, nearly close to the anticlinal fault, 
shales and soft sandstones are seen dipping W.S.W. 20°. Further down 
the stream we get blue shales dipping N.W. 18°, and south of Pasture 
House two isolated sections in shales, one dipping 16° E.N.E., the other 
rolling. We see nothing further till we get south of Higher Houses. 
Then we get a continuous section for more than 300 yards in thick blue 
and grey shales. The beds dip 5° E.S.E., 1° E., 15°S.E., then flatten, dip 
25° W.S.W,, and we come to a fault ranging N.N.W. and throwing down 
on the west, referred to, p. 111. On the east of the fault the dip is 
E.N.E. 46°, then S.E. 16°, and soon after the section disappears. It 
will thus be seen that the vaUey is crossed by the great anticlinal, the 
beds, roughly speaking, dipping east aud west from the centre of the 
valley. North and west of Higher Houses shales are seen, apparently 
horizontal. Here also are immense numbers of grit blocks strewn over 
the fields, " the Roughs," which may have fallen from The Scout when 
the valley was narrower,' or they may be the remains of one of those 
lenticular beds of grit which in some places occur about this horizon. 
South-east of Lower Houses is a quarry in coarse reddish grit some 
distance below the Kinder escarpment, which is probably one of these 
occasional beds. 

Hey Slacks Clough. — The stream which drains Hey Slacks gives 
good sections in the Yoredale shales. The beds are much disturbed, 
but the valley is evidentl}^ in an anticlinal, the direction of which, about 
N.E. and .S.W., corresponds with the greatest length of the valley, the 
Kinder Grit on either side dipping away steeply to the N.W. and S.E. 
Near the anticlinal fault the beds dip ^\^ 26°, but further up the clough 
many disturbances and several faults are seen. The little guUey that 
joins the clough from the southward called " Tom Groove" affords a 
good continuous section. In the lower part of Tom Groove Aviculopec- 
tens were observed in muddy shales. The beds dip pretty steadily to 
the southwards, so that we get an ascending section as we go up the 
gulley. Where a small east aud west fault crosses dips of 70° S. and 
15° S.S.W. were taken, and at the county boundary were shales and 
sandstones dipping S. at 20°. In the main stream n httle above its junc- 
tion with Tom Groove shales and thin earthy limestones arc seen, and 
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these are probably the lowest bods observed. Further up the clough 
the shales seen are rolling, but easterly dips prevail. 

A small patch of Yored!ilc shales oceurs north of the Great Saucer 
Stones on Boulsworth. The beds mo nearly horizontal. — W. G. 

Kinder Scout Grit. 

The Kinder Scout Grit has a woll-markcd escarpment all along 
Langfield Edge from the anticlinal fixult to that of Stoodley Pike. Tlie 
rock is a massive coarse -white grit with iuterstralifled bauds of grey 
shale near its base ; these latter are particularly conspicuous in Jail Hole 
quarries north of Gadden Kcservoir, where consequently are large land- 
slips. Crossing Langfield Edge into the Withens country, we have on 
the north side of AMthens Clough for sonic little distance a good escarp- 
ment of massive Kinder Grit ; the escarpment gets wealv both near 
the Stoodley Pike and the Lumbutts faults, and on the south side of the 
latter there is no escarpment at all, but we find grit on the moor, and in 
descending Withens Clough shales dipping to pass under the grit. 

Eound the head of Withens Clough the position of the base is thus 
very uncertain, as the rock forms no escarpment until we come to 
Buckstone Well, where it is faulted. Eastward from that point the 
position of the base is fairly fixed by sections in the streams, but the 
passage into the underlying shales is quite gradual. At Buckstones the 
rock is again faulted down so as to bring the base of a higher bed which 
forms the eastern end of Turley Holes Edge to the level of the base of 
the lower Kinder. Finally, the base formmg an escaipment of massive 
grit runs down to a fault which crosses the vale of St. John by Priestley 
Ing, and which throws down the Kinder below the bed of the stream. 
This fault is the continuation of two long faults which we have traced, 
one from the coal-measure country south of Huddersfleld by Lockwood. 
Beestonley, and across the Ryburn, a mile and a quarter below Eippon- 
den, the other from the valley of the Colne near Slaithwaite by Clough 
House, West Hill, Ringstone Edge, and Ripponden. This fault must in 
St. John's Valley throw out nearly the whole thickness of the Kinder, 
for it throws the shale above the Kinder against the base of that rock. 
The Kinder is soon brought to light again lower down the stream, partly 
by the dip and partly by a small ftiult. 

Above the Priestly Ing fault we have the top of the Kinder running 
a little above and parallel to the road from Marshaw Bridge and Roch- 
dale ; the rock is exposed aU along tlie brook and consists as usual of 
massive grit. It is also found aU along Black Castle Clough in beds of 
massive grit and conglomerate with shale partings. 

It forms the great stretch of moors which rise from the vale of St. John, 
with a dip slope to the height of 1,400 feet on the Lancashire border, 
whence the beds plunge westwards towards the anticlinal fault. The over- 
lying beds, consisting of shales and sandstones, are seen in the upper part 
of Black Castle Clough, and on the high road near Blackcastle. The grit 
is also found in force in Booth Dean, where a great thickness of rock is 
displayed. The actual top is only seen in one or two places, and there 
we have grit at the very top ; but generally it seems, fjoiu'the numerous 
sections in streams descending into Booth Dean Clough from the south, 
that the upper beds consist of flags. These are succeeded by shales and 
fine and soft grits, flaggy grits, and sandstones, and then we reach the 
body of the bed, consisting of coarse grits and conglomerates more than 
150 feet thick. 

In the doughs above Bar House the rock consists of a mass of grits, 
both coarse and flaggy, intermingled with shales and sandstones, all 
rolling about so much that no average dip can be got, though the slope 
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of tlie ground indicates a general easterly 
dip. There is also much cross bedding. The 
main mass of grits and conglomerates con- 
tinues in force all down Booth Dean Clougli, 
forming below Spring Mill magnificent cliffs, 
1.50 feet high, as far as Butts Green ; here 
the rock ends suddenly as if against a fault 
ranging along the south side of Butts Clough. 
West of this point, along the northern flank 
of Booth Dean, sections are scarce ; we have 
dotted the fault on to Castle Dean, where we 
saw signs of a fault, but further west it seems 
to die out. 

Butts Clough gives the accompanying 
section. 

On the north side of the fault through 
Butts Green we have the top beds of the 
Kinder in the stream. The overlying shales 
are seen in the lowest part of Butts Clough 
and above Godly on the west. The top line 
of the Kinder is here a bad one, except in the 
upper branches of the stream flowing through 
Nab End Wood. We have drawn it, guided 
partly by the slope of the ground, partly by 
occasional sections, so as to include the chief 
grits seen. The Kinder of this neighbour- 
hood consists of a mass of grits and sand- 
stones, with interbedded shales, bearing a 
general resemblance to the ordinary character 
of the rock, though somewhat more change- 
able and more shaly in parts than usual. This 
mass of grits and shales attains near Rish- 
worth Hall a height of 225 feet above the 
river, becoming more shaly as we ascend. 
Below Swift Place the beds are disturbed 
at the weir ; a fault probably passes through 
this spot with a downthrow to the N.E., as 
below the weir we seem to have the top of 
the grit in the very bed of the stream 
overlaid by shales with thin irregular sand- 
stones ; accordingly we have prolonged a fault 
seen at the waterfall in Butts Clough to this 
point. 

This grit extends along the valley as far 
as Ripponden, where it is thrown down out 
of sight by a fault. It is as usual massive, 
and it has a thin coal on or near its top, which 
may be seen tit Slitheroe Bridge. 

Above the Kinder, on the south side of 
Ryburn, comes a mass of shales containing 
a few irregular sandstones ; three of these 
are seen in one part of the country, and we 
were able to trace two of them for a short 
way. 

Over these comes the escarpment of Black- 
wood Edge. 
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If we follow up the Ryburn from the fault at Swift Phice, we find 
beyond Nab End Wood a grit in the bed of the stieum o\eilaid liy shules 
and thin sandstones ; this looks as if the top of the Kinder had been 
again thrown down into the stream ; we have thereiore taken a fiiult 
across by a break in the ground which is suggestive of one. 

The dip of the beds soon brings up the mass of the Kinder again in 
Blackcastle Clougli, which has already been mentioned. — .1. R. D. 

An inlier of Kinder Scout Grit occurs in the Calder valley just below 
the village of Sowerby. It also forms a long tongue running in the 
bottom of the Luddenden \alley from the river Calder to Low Bridge. 
This inlier is thrown down out of sight by a fault a little to the west of 
Luddendenfoot Station. — J. C. W. 

On the south side of the Calder we have in Beaumont Clough, 
immediately above the Yoi'edale shales, a thick bed oi' grit. After this 
we get no sections till we come to the bridge near Edge End. Here grit 
is seen in the path leading down to the bridge, and above the bridge we 
liave beds of shale and sandy shale dipping at 12° to S. 

East and west of Beaumont Clough the base of the Kinder is not well 
marked, though the uj^per part of the bed makes fine bold crags. We 
have here and there sections in coarse grit, but these seem to be in the 
body of the rock. Immediately south of Hebden Bridge we have in the 
railway cutting a junction between grit and underlying shales; east- 
wards of that spot the line is quite uncertain, but it musi run up a bit, 
as is indicated by the slope of the ground. This change in the run of 
the base may be due to a roll or to a passage of grit into shale, a thing 
which often happens in this country. This would iraplv a change in 
its geological horizon. The base is al)ove the river, wliere the 
Wadsworth fault crosses, because close to that point, at the edge of the 
alluvium, wo have a section in shales dipping 28^ to the east. 

The top of the rock is very well marked by tlie shape of the ground. 

On the north side of the Calder the Kinder grit forms generally a 
good escarpment. The lower bed is cut off above Lower Hartley by the 
anticlinal fault. It is thrown down on the east to Springs ; there it con- 
sists of coarse massive grit and conglomerate in sei).'uate beds. Thence 
it forms a good escarpment by Dungeon Top, where it is thrown down 
by a trough fault, and Windy Harbour, Winsley, and Keelam, as far as 
Whitley Royd, where it is faulted down. 

The Lower Kinder is found in the clough coming from Redmires 
Dam, called Hudson Clough. Its top is not well marked ; but the 
country between it and the escarpment of Upper Kimler at Hawkstones 
is occupied by rolling beds of shale and flags ; tliis may be seen in a 
lane leading to Hawkstones, and also in a brook on the west. In this 
brook a fault is seen which brings the said shales against beds of grit 
and tiles ; this fault seems to bound the Upper Kinder till it runs into 
the anticlinal fault. Another fault breaks the escarpment west of 
Hawkstones. Near these faults the Kinder has a dip of fiom ] '/^ to 40'^ 
towards S.E. ; but its general dip on the west of these faults is 1.5" to 
S.W. The dip flattens as we lise the moor, and finally the beds turn 
over and dip eastward. 

East of these faults the Upper Kinder makes a bold escarpment of 
castellated and tabular blocks of massive grit and conglomerate along 
Hawkstones ; the dip is from 2° to 10° to E. by N. This escarpment 
is cut off by a fault, which is seen at Kebcote, throwing shales believed 
to be the overlying shales against the grit. From beneath these sliales 
the grit rises in a dip slope, and forms a bold escarpment as far as 
Bridestones, where it is again thrown up to the east. Soon after 
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this the escarpment dwindles away, probably from the band of shale 
between the two beds of grit either thinning out or becoming grit 
eastwards. 

East of the fault ;it Whitley Royd we have, as stated above, included 
with the Kinder a lot of grit, which seems to lie really on a lower 
horizon. As we go eastward of Jumble Clough the passage through 
these beds, from the Kinder to the Voredale shales, is very gradual, 
alternating beds of sandstone and shale being seen below what we have 
taken as the top of the Yoredales. 

The Kinder Grit forms a well-marked and cliffy escarpment, capping 
the sides of the Hebden Valley and the Colden, and Horsebridge 
Cloughs.— J. E. D. 

In the Hebden Valley, immediately above the junction of streams 
near Blackden Bridge, we reach the base of the Kinder in the Alcomden 
Water, which comes down from the north. About a mile up this water 
we come to the top of the grit, the overlying shales being exposed in a 
scar at the liver side ; but just there the beds are disturbed, and imme- 
diately after passing this point we find ourselves still on grit, which 
reaches some way above the stream on either side, at least 75 feet on 
the right bank ; this appears to be the Kinder thrown up a little by 
a fault through the point of disturbance ; the fault, however, is not 
actually seen. Soon after crossing the end of the stream coming from 
the Cascade we find ourselves rather suddenly on shales, whence we 
conclude that we have crossed another fault throwing down the over- 
lying shales on the N.E. against the Kinder on the S.W. ; indications 
of this fault are to be seen on the hills to the S.E., where we find a bed 
of massive grit discontinued ; and to the N. W. at the Cascade, where 
we find the beds dipping iit high angles to the E.N.E. We soon lose 
the shales in the streams and come upon grit which reaches about 300 
yards up the valley to where Old Dike joins the main stream. This 
grit we suppose to be an inlier of one of the Third Grit beds, probably 
the lowest. 

Thence as far as Grey Fosse Clough we are on the shales overlying 
this grit. These shales are rolling about a good deal and in places 
contorted. Above them we have on the east a series of sandstones and 
shales belonging to the Third Grit Series. Up Black Clough we have 
four beds of stone, and a fifth probably covers Withins Height End. 
The lowest of these beds thins out northwards, as also does the lowest 
but two, while southwards they get more important. The other beds 
are more persistent. These beds are more usually sandstones, though 
occasionally they deserve to be called grits. — J. R. D. and W. G. 

Eeturning to the main stream we find that soon afler passing Grey 
Fosse Clough we come suddenly on very coarse massive grit, which a 
little further up the valley is seen in one of the little side streams to 
reach to a height of at least 100 feet above the grit in the stream. 
This grit is the Kinder, and here we suppose the Greave Clough fault 
to cross \^'alshaw Dean. Close by in Grey Fosse Clough some dis- 
turbances arc seen, but the exact place of the fault is not determinable. 
The fault must pass along Shoulder Nick between the two hills called 
Withins Height ; the grit of Alcomden Stones on the northern Withins 
Height Ijeing almost certainly the same as that of Gablestone Edge on 
the western side of Walshaw Dean, which is continuous with that of 
Mere Stones, and is Lowest Third Grit ; while the grit of the southern 
Withins Height as just mentioned has several beds of Third Tii-it below 
it, and one of these seen in Bakestone Clough must be thrown against 
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the upper part of the Kimlev Grit. Further to the east along this line 
of fault the beds near Withins are vertical, and there is much tlis- 
turbance. 

North of this fault in Walshn-w Dean wo have coarse massive grit in 
the bed of the stream till we come to Boft Hole, where several sections 
in shale and one in grit are seen. These shales arc probably in the 
Kinder Grit, but it is possible they are the Yoredalo shales below it. 
Beyond Boft Hole we get above these shales and on to the grit again, 
which is seen at intervals all the way up to Walshaw Dean Head, and 
over the county boundary into Lancashire. In very few places could 
any dips be taken, but the general dip is evidently between south and 
east. In Grey Fosse Clough dips S. 17° and S.E. 9° were observed, 
and at Walshaw Dean Head dips of S.S.E. 12° and N. 30°, but both 
these places aie near faults. 

Though many little streams run into the upper part of Walshaw 
Dean Water very few show anything more than sections in peat, and wo 
nowhere see the junction of the Kinder Grit "with the overlying shales. — 
W. G. 

In ascending the Gorplewater from Blackdean Bridge we cross a 
fault, as was mentioned above (p. 106), on to the Kinder Grit. This bed 
is here of its usual marked character, a massive grit and conglomerate, 
with occasional partings of shale. In one of the side streams feeding 
Gorplewater we see at least 200 feet of solid grit. Bather more than 
two miles above Blackdean Bridge we reach the base; of the Kinder, 
which descends sharply from the north at an angle of 30°, and more 
gently on the south, as the dip is on the whole south of east. The base 
runs up on each side and then the rock turns over, and dipping west- 
ward plunges towards the anticlinal fault, against which it abuts at 
Hare Stones. — J. R. D. 

Crossing Gorple Stones and Black Moor into Widdop we have another 
splendid escarpment on each side of that valley. The base descends to 
the stream near the junction of the Widdop Water and Grea\e Clough, 
being thrown slightly down by a fault just before reaching that point. 
A short way up Greave Clough we come to an unmistakable fault, 
which brings up the Yoredale shales ; while the base of the Kinder 
Grit forms a good escarpment a little way above the stream. The 
escarpment of Kinder along the northern side of Widdop is broken by a 
fault above Pasture House. It was a question with us whether the base 
on the east side of this fault did not abut against this fault ; but we 
finally came to the conclusion that it was better to map it as we have 
done. This fault above Pasture House runs N.W. and S.E. along a 
face of rock, and on this line a fault was seen in Widdop water in 
shales, but as the escarpment on the south side of the valley is not 
broken, we suppose the fault to stop against a prolongation of the 
Greave Clough fault. The spread of Kinder Grit that forms Widdop 
Moor is interrupted by an oval patch of shales lying on the slope of the 
moor ; these may either be the overlying shale.s, or merely some inter- 
calated bed.— J. R. D. and W. G. 

A little above where Pisser Clough joins Greave Clough the base of 
the Kinder comes into the stream, and then good and almost continuous 
sections are seen in coarse massive grit all the way up the Clough and 
its upper part. Hole Sike, to its head in the Peat Moss on the Lan- 
cashire side of the 'county boundary. On the Yorkshire side of the 
boundary Bullion Clough from the N.N.E, joins Hole Sike. A little 
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way up this clough we pass off grits on to shales, which are rolling 
with a general dip to S.E. A little further on a fault is seen throwing 
thin sandstones against shales. The fault appears to run in a N.N.W. 
direction, and we suppose it to throw down on the west, and to con- 
tinue northwards so far as to break the Kinder escarpment west of 
Great Saucer Stones. A few sections in shales and thin sandstones, 
some rolling, arc seen furlher up the clough. At the Dove Stones, 
Ordnance Station, marked 1,573 on map, and at Great Saucer Stones, 
just by the r in " Boulsworth," fine escarpments of Kinder Scout Grit are 
to be seen. At the former place dips of S.S.E. 20° and S.E. were taken. 
Vast blocks which have probably slipped a little are seen below the 
escarpment. At Great Saucer Stones the beds dip gently to the S.S.E. 
We get sections in the beds near the top of the Kinder in two little 
streams running down the northern slope of Boulsworth. The general 
strike of the beds is X.E. and S.W. with steep dips to the N.W. and 
N.N.W. At Round Hole, formed by a slip, very coarse grit is seen 
dipping 40°. Further down are shales and sandstones vertical, then shales 
dipping 60°, fla'gs 40°, and grit 50°. Going up the little stream to the 
east we get dips of 40°, 50°, 50° in grit, and then sandy shales vertical. 
Fui'ther up we get the only reverse dip, one to the S.E. There is good 
reason to believe that this last aiid the vertical shale beds are mere 
surface disturbances caused by the sliding of some heavy body down 
the slope. The agent was probably land ice. Many undoubted exam- 
ples are gi\en in other parts of the Memoir, see pp. 27, 31, 42, 134. 

From the sudden ending off of two parallel ridges of grit which run 
steeply down from Lad Law towards Heyslacks Clough we suppose a 
fault to pass along here in an E.N.E. direction. The evidence for the 
N.N.W. fault which bounds the shales of Heyslacks on the east is very 
strong. On the one hand we have the ending off of the ridge of Kinder 
Grit from Dove Stones east of Warcock Hill, and on the other we have 
the steeply dipping Kinder Grit of Pot Brinks Moor striking against 
the nearly horizontal Yoredale Shales north of the Great Saucer Stones. 
It seems to lie more a case of lateral shifting of beds than of vertical 
downthrow, the anticlinal being shifted a little northwards on the 
eastern side of the fault. At the (Ireat Saucer Stones the vertical 
throw must be almost nothing. 

Many groups of weathei-ed grit blocks are scattered about on Bouls- 
worth. Some of these are actually in place, others are but little 

removed from (he places they originally 
occupied, having been isolated by the 
denudation of their surrounding portions 
of rock. Fine examples of pot-holes are 
here seen. One splendid pot-hole between 
Lad Law and the Great Saucer Stones is 
about 5 feet in diameter by 3^ feet deep, 
and has a worn slit in one side, descending 
to within a few inches of the bottom. Fine 
potholes are also seen on Crown Point, 
Grey Stone Hill. The Abbot Stone on 
Boulsworth is an interesting example of 
the action of rain. On a very steeply 
sloping surface of the stone about 8 or 9 feet long are seen a number of 
deep furrows. They all deepen towards the middle and shallow towards 
the bottom. The accompanying rough sketch will show their form, like 
rivers in miniature. 




Abbot Stone on Boulsioorth. 
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Tliird Grit Series. 

On the east side of Gieave Clough we have upwai'ds of 17o feet of 
shales above the Kinder Giil before coming to the lowest Third (ilrit, 
^■iz., that forming jA [ere Stones. We suppose the (ireave Clougli I'ault to 
run close to and parallel with the S.E. face of this rock, which ii thr(jws 
down and repeats on the south. In fact the non-continuance of this 
apparently lower bed is one of the chief evidences for the direction of the 
said fault, and this is confirmed by our finding on the same general line 
of direction indications of a fault in (irey Fosx' Clough. 

A cross fault runs up alongside of the Cascarle stream, which, as we 
mentioned above, p. 110, throws ou t the Kinder of A^'alshaw Dean. There 
i*^, however, some doubt about the correlation of the beds; it would 
seem that here our second bed of Third Grit splits into two, the lowest 
of which very soon dies out. — W. G. 

South of Gorple AVater we come upon the shales overlying the Kinder 
Grit near Reajjs. The top of the grit, roughly speaking, runs up Red 
C'arr Clough, and then across the moor along the head waters of various 
streams ; thus, for instance, we found shales and occasional grits in the 
lower parts of the streams which flow into Noah Dale (No Dale on 
1-inch map) damfi'om the N.W., while the upper portion of one (if these 
cloughs consisted of coarse grit, in the cracks of which were thin veins 
of barytes. Again, we have shales and quantities of galena and barytes 
lying about in the clough called Lead Mine Clough, which joins Noah 
Dale from tlie S.W. It would seem that lead ore was once gotten here 
in past times. 

Below Noah Dale dam we have shales with interbedded grits and 
sandstones ; the like are also seen in Cross Clough. A short way below 
the foot of this last, we came upon Kinder which comes up with a sharp 
roll, or may possibly be brought up by a fault. IJelow this point we 
have Kinder nil the way down the Calder Clough, to the base a mile 
below Jack Bridge stream ; but for a mile above Jack Bridge, where the 
rock is thrown up on the east by a fault, it merely occupies the river flat. 

The hills between Colden Clougli and Gorple Water consist, besides 
ehales, of two outliers of Third Grit ; on that, forming Gainly Hill, we 
found Gannister lying about. 

In the country south of Colden Clough we ha\ e generally a good top 
to the Kinder. The overlying shales are seen in the Hippings Clough, 
dipping at 10° to N.E. These shales contain beds of sandstone. As we 
ascend the hills on the north of this clough we have sandy shales with 
the same dip. At Moss Hall a bed of sandstone comes in, which makes 
a feature westward above Pole Hill, where it has been much quarried. 
The upper part of this bed, just below Mouse Nest, contains casts of 
shells. Above it we have shales, thin sandstone, s)iales, sandstones, 
shaly sandstone and shale, and Third Grit. This last is the bed which 
forms the outliers of Field Head Moor and Brown Hill. At Brown 
Hill it is a concretionary iron-stained gritty sandstone. — J. R. D. 

On the east of the river Ilebden the Third Grit beds occupy the summits 
of all the hills between the several valleys (see Section, Fig. 22, p. 114). 
The lowest bed (D.) occurs to the west of the Hebden Valley on the 
higher ground above the Kinder Grit escarpment, and again on the hill 
between tlie Hebden Valley and the Horsebridgo Clough ; in this last 
valley the bed is thrown down at one point between two parallel faults, 
which likewise shift the Kinder for a short distance into the stream. 
On the east side of the Horsebridge Clough and Hebden Valley this 
bed, D., sometimes clearly divided into two by a shale band, strikes from 
Grey Stones ,on the north southwards to Midgley, where it is thrown up 
by a fault to the east; it theuce runs round and up the Luddenden 
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Valley nnd back on the eusteni side, some short way above the Kinder 
Grit. 

A seam of coal occurs in connexion with I liis bed. The following 
section of a shaft ami boring by the side of tlic; footpath between Nook 
and Fangh, west of Crow ttill, Avlll show tlio thickness of tlic coal and 
:is~;ociated beds. 



f Shale 



ft. in. 



A. 



l< 
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Grit 

Shale 

Coal 

Black shale 

Coal 
^Hard sandstone, (galUard, good road stuff) 

Black shale 

Quick sand 

Shale with ironstone hands 1 to 3 inches 
thick. The boring was left off in a band 
into H'hich they had penetrated 3 inches 88 1 
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Some of these beds may be well seen exposed in quarries along the 
outcrop. The upper of the two coals has been worked about Faugh to 
a depth of 45 yards ; southwards, however, about Faugh Well, its 
thiciiness decreases to 5 inches, and workings cease, while northwards a 
shaft was sunk a little above Groystones (o a depth of 15 3'ards, and 
then a boring made to the level of Dike without meeting with any coal ; 
and the gritstone usually lying aljo\ e it was found to be but a few yards 
tliiclv. A little to the north both coal and gritstone occur between 
Lotham and Ballet on Moor End, between which places the coal has 
been worked to a depth of from 20 to 30 yards, and was found to be 
from 9 inches to 1 foot 9 inches in thickness. The overlying grit- 
stone is here again some 20 3'ards thick. Farther to the north the 
coal can only be traced by an occasion;il smut found immediately 
beneath the rock. Soutliwards at Jlidgley the same coal occurs but 
5 inches thick, and has been worked but very little. A shaft was sunk 
50 to 60 yards in depth, hoping to find more coal, but without success. 
The ironstone was worked a little. In no other spot north of the Calder 
has this coal been met with. 

The bed C. follows in strike the run of D. ; but north of Midgley 
and east of Crow Hill it appears entirely to thin away, setting in again, 
however, still farther tn the north and east. It furnishes in many parts 
good flagstones, especially along its western outcrop, from Han Royd 
northwards. 

The bed B. exhibits the character of a more or less fine-grained sand- 
stone. It occupies the greater part of the summit of the flat-topped hill 
between the Hebden and Luddenden valleys, from a little south of High 
Brown Knowl to just nortli of Midgley. On the eastern side of the 
Luddenden valley it conforms to the strike of the two previous beds. 

The uppermost member. A., of the Third Grit series is generally a 
decided grit north of the Calder. It has a wider spread than any of 
the others, ranging from High Brown Knowl northwards to the 
Oxenhope Moors, and round the head of the Luddenden Valley, and 
southwards over Warley and Saltonstall Moors. 

The country just described north of the Calder is very free from any 
large and persistent faults. 

One of the most marked is that which throws the Third Grit bed (C) 
forming Shackleton Knowl (near the northern edge of sheet 88 N.W.) down 
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to the soutli-wcst, and crossing Horsebiidge Clough close to Ontwood 
throws Kinder against bed (D) of Third Grit ; farther to the east by 
DlicIc Hill its throw is vcrj' much lessened, though apparently again 
increasing across Low Brown Knowl Flat, on the hill top, where it 
throws down a sniiill horse-shoe shaped mass of bed (A), while beyond 
the Luddenden Valley it seems to die away. 

A fault meeting the northern end of this last, near Shackleton Knowl, 
and passing westwards close to Walshaw, and a little north of Widdop 
Gate, throws down to the north, though not to any great amount. 

A short fault, roughly parallel to the first described, and a little to 
the north of Abel Cote, throws down north about 100 feet, or perha))s 
rather more, apparently, however, dying out westwards, and being met 
in Ilorsebridge Clough by a fault which just shifts the escarpments from 
Nase End to the stream, and passes southwards by Field Head to the 
Hebden Valley, beyond which it is not traceable. 

An east and west fault, a little north of Miller's Grave, ranges from 
Dick Ing on the west to the Luddenden Valley on the east, passing 
just below Catherine House. At the hill top a short fault spi'ings from 
this ; both throw down to the north. 

Another east and west fault farther down the Luddenden Valley 
throws up to the north, bringing together shale in the Kinder Grit and 
the upper mass of Kinder. Still farther down the same valley a fault 
crosses in a north-east and south-west direction ; this throws a some- 
what oval patch of the lowermost bed of Third Grit down southwards 
to a little west of Luddenden, and joins a north and south fault I'anging 
through Midgley and throwing the Kinder Grit in the valley bottom 
down out of sight to the west. 

All the faults above mentioned are more or less easily detected by 
their shifting of escarpments. A north and south fault just east of 
Hebden Bridge throws the Kinder down and out of sight to the east. 

Two small faults were proved in the old coal -workings, one running 
north and south, east of Nook, having a throw of 7 feet down east, and 
another north of (Jld Town also throwing east to the amount of only 
5 feet. J. C. W. ■ 

On the south side of the Calder we have, as mentioned above, p. 109, 
immediately above the Kinder Scout Grit in Beaumont Clough a section 
in shales. On the west of this clough there rises a detached circular hill 
called Edge End jNIoor, composed of sandstone, which has a good escarp- 
ment facing N. and W., but, owing to a south-easterly dip, a pool" one to 
the S. and E. This sandstone seems to be an outlier of an accidental bed 
of the Third (irit series. Below it we have, on the west side, shales 
dipping at 6° to S.E., and other shale sections on the south. 

Tlie position of the Wadsworth fault, which throws out of sight tlie 
Kinder a mile east of Hebden Bridge, is proved by our finding a series 
of i-andy shales on the horizon of the Kinder Scout Grit in the brook 
next east of that fault. 

These shales reach from the level of the alluvium upwards ; they are 
succeeded by shales with their sandstones, at first lying flat, but as we 
a^cc■lld the hill the dip becomes steep, varying from 9° to 17° in a 
southerly direction. 

Finally, a little below the road from Haven to Jumps we have 
sandstone injolace on the horizon of the base of the Third Grit eastward. 
Above this sandstone we have a bed of shale overlaid by grit, which 
forms a small escarpment near the road. West of the fault we have, 
except near the fault, a very good escarpment running beneath Johnny 
Gap till it is broken off by the Stoodley Clough fault. The extension 
of this fault passes through Hill Top, where a grit escarpment is 
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faulteJ. Tho base of the Third Gi'it is somuwhiit iincerlaiu nloiiL; llic 
S.E. side ; wlu'ic the escarpinout i'accs the Ciiigg- Valley. Neai- Luiiil) 
the rock seems to bo a ninths of sandy shale and s;iiidstoiic. Thcic is a 
feature, like an escarpment, which we have takrii to mark the liase,with 
which it corresponds pretly well in position. This feature ends where 
the Stoodley Clough fault through Hill Top points to. Higher up wc 
see sandstone in a lane ; above that point the lane is occupied by 
sandy shales and sandstones, as high as the moor, which appears to lie 
of grit. 

North of Lumb the rock ia a mass of grit, upwards of 300 foot thick. 
broken merely by an insignificant band of shale. The Broad Head 
Clough has cut through the rock into the underlying shales, which are 
crossed in many places in its course, and in the side streams that feed it. 
A large bay has thus been scooped out of the rock ; and this amphi- 
theatre is covered with great masses of coarse grit that have slipped 
fi'om the surrounding wall of rock, which is here of so coarse and 
massive a character as to resemble the typical Kinder Scout Grit. This 
rock stretches across Erringden, and faces westward with a splendid 
escarpment of conglomerate, passing upwards into flagstone. Below 
it we have the upper part of Stoodley Clough occupied by shales 
rolling about, and much disturbed, particularly -where we suppose the 
fault to cross that runs a little south of Rough Head. There is seen 
at a waterfall what may be the actual fault. Dips of 30', 3o'', 40°, and 
50° are obtained hereabouts. Below these shales the top of the Kinder 
vScout Grit appears between the above mentioned and the Stoodley 
Clough faults. 

The faulted bit of country between Stoodley Tike and the .Sioodley 
Clough fault is very uncertain. There is no doubt about the Sioodley 
Clough fault itself; but there is some uncertainty about the correlation 
of the beds immediately south of it. On that side we have alternate 
beds of sandstone, shale, and grit, which in all probability Ijelong to the 
Third Grit series. Close to the fault, and immediately we?t of the 
abrupt end of the Erringden escarpment, sandy shales are seen dipping 
at 30° to S. On the west of the hollow, where these shales occur, the 
grits of Stoodley Pike come on, reaching from top to bottom of the hill. 
This would appear to be the Erringden rock brought up again by a 
fault running S. by E. by Pasture, which breaks the Kijider Grit 
escarpment at Buck Stones. 

At Stoodley Pike we have a good section, as follows : — 

Coarse massive grit, at the Pike. 

A space giving no section. 

Coal, 1 foot. 

Underclay. 

Grit. 

Massive flaggy grit. 

That is a set of beds consisting of two main grits with a foot coal 
between them. As in the immediate neighbourhood the lowest 'i'hird 
Grits consist of two grits with a coal about a foot thick between them, 
though the lowest bed of grit does in places die out, we were led to 
consider the Stoodley Pike rock as the same bed. This grit is faulted 
against the Kinder Scout Grit immediately south of Stoodley Pike. On 
the general line of this fault we saw a fault in a clough at the y of 
the word " Stonyfield." This general direction corresponds too pretty 
well with that of the fault at Priestly Ing, mentioned above, p. 107. 

The very broken ground between Withens Clough, and the Stoodley 
Clough fault must be uncertain. The alternations of grits and shales 
accords best with the supposition that these beds belong to the Third 



118 GEOLOGY OF THK BUENLJEY COALFTELD, ETC. 

Grit series, which is also consistent with the grit at Stoodley Pike being 
bed D. J. E. D. 

On the east side of St. John's Valley we have all the Third Grits 
forming an outlying mass of a somewhat oval shape. The highest point 
reached is 1,369 feet at Manshead End, and the next highest is the top 
of Crow Plill at a height of 1,250 feet. The rock forming the hill is 
the highest bed in this outlier, and is probably the Second Grit. It is 
a fine micaceous sandstone. From Crow Hill to Luddenden Foot all 
the members of the Third Grit series may be passed o\'er to the Kinder 
in the valley of the Cnlder. 

The lowermost bed of the Hathershelf Scout answers in character to 
the same bed at Midgley, consisting as it does of two grit beds parted 
by a shale band of some 20 feet in thickness, which contains a coal from 
4 to 8 inches thick. Southwards, however, this coal is not traceable, 
though it reappears at Stoodley Pike. Vide supra, p. 117. 

The following is the section at Hathershelf Scout Delf : — 

ft. in. 



Grit 
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Coal 


, — 


Shale 


- 5 


Grit 
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Shale 


about 20 


Coal 


- 8 to 4 in. 


Grit 
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whole being nearly 


200 feet thick. 



Little Moor Quarry gives the following section : — 

Grit changing into sandstone. 

Black shale. 

Coal, 2 inches. 

Black shale, 10 feet. 

Hard white fine-grained rock, 13 feet. 

Shale, 1 foot. 

Coal, to 2 inches lying on a wavy surface of sandstone. 

The upper members of the Third Gi-it series, being variable beds of 
sandstone, call for no particular notice. In many parts good flagstones 
are procurable from them. They are in some places rendered difficult to 
trace by the thinning away of some beds and thickening of others. 

It may be as well to mention that the sandstone quarried low down on 
Marshaw Bank is a slipped mass. J. C. W. and C. F. S. 

The Kinder Scout Grit in Booth Dean is overlaid on the south side 
by about 300 feet of shales. Above these comes the escarpment of 
Third Grit along Mosleden Height and Way Stone Edge. This rock 
there consists of a basement bed of flags overlaid by coarse massive 
grit. The Way Stone is a block of this latter left subsided on the lower 
bed, on which it gradually settled down as the higher bed weathered 
away, whose former greater lateral extension it thus remains as a 
monument of. On the north side of Booth Dean we have an outlier of 
Third Grit forming a hill between Booth Dean and Black Castle Clough. 
On the north side, or that facing Black Castle Clough, this grit forms 
the escarpment of Blackwood Edge and Bench Holes ; in the latter 
place are many landslips. This grit is coarse and massive. It is pro- 
bably D. and C. combined as A. and C. are generally the important 
rocks, and B. and D. minor ones ; moreover, we find that between Smith's 
Staff and White Hill the rock does split into two, of which the lowest 
is insignificant, while the uj)permost forms the bold escarpment of 
•Joiner Stones, and is the coarse grit of the moor ; so, too, the basement 
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beds under Blackwood Edge consist of lino flaggy grit, which is tlie 
representative of the lowest bed, where the rock is separated into two 
by a distinct band of shale. 

East and north of Bench Holes and White Hill we have represented 
a faulted outliei- of Third Grit. This rock, which forms a good escarp- 
ment, is not tiaccable beneath the grit of Bench Holes ; we therefore 
think it is faulted, though the exact poyition of the fault is uncertain. 
We have taken thefanlt where a break in the grouud suggests a possible 
fault. We have further evidence, of such a fault in the fact that, while 
the valley above the fault at Swift Place is occupied tjy Kinder Grit as 
far as Nab End Wood, we have higher up the \-alley a grit in the stream 
overlaid by shales with thin sandstones ; this looks as if the top of 
the Kinder had been thrown down into the stream. — J. E. D. 

.\gricn.ltiir((l Feahires. 

Speaking generally, the northern, western, and southern borders of 
this district consist of lofty moorland, covered with peat and heather, the 
abode of mountain sheep, grouse, plover, and curlew. This is the 
character of the Oxenhope Moors, Boulsworth, Widdop, Black Moor, 
Black Hambledon, Heptonstall Moor, Warley Moor, the Kinder Grit 
slopes of Langfield and Blake moors, Blackstone Edge, and Rishworth, 
and the Third Grits of Erringden and Hassocks. The broad basin 
of the Calder beneath the escarpment of Kinder Scout Grit is dotted 
with houses and cut up into fields. 

The actual valley of the Calder is in some places wooded, as are also 
the Hippings, Golden Clough, the valley of the Hebdcn, and Horse- 
bridge Clough, which thus afford a striking contrast to the general 
treeless aspect of a millstone grit country. 

On the east of the river Hebden the moory ground occupied by the 
uppermost member of the Third Grit, A., including Saltonstall and 
Warley Moors, and White Hill, is covered pretty uniformly with peat 
from 4 to 6 feet thick. 

The hill top from High Brown Knowl southwards to a little north of 
Midgley presents for the most part the character of a heathery muor 
destitute of peat, and stony in many parts. The hill sides are, however, 
under cultivation, stone walls in plenty marking out the slopes. Much 
of the western side of the Luddenden Valley is covered with slips, as 
also is the left side of the Calder Valley from Luddenfoot to the 
anticlinal fault. 

The greater part of the district forming the outlier of Third Grit 
between St. John's vale and the Ribourne, with the exception of a moory 
tract about Manshead, is under cultivation. There is little or no peat to 
be found here. 

The alternation of sandstone and grit beds with shale gives a variety 
to the soil, though the fields on the hill slopes are very generally stony, 
owing to the constant washing of rocky material from above. 

This country is a fine instance of the working of atmospheric denuda- 
tion ; the narrow but deep valley of the Hebden with its soft shaly 
sides and crowning line of crags speaking unmistakably of the power of 
weather, rain, and rivers. The constant slipping away of the sides, and 
consequent gradual widening of the valleys, is most clearly seen. A 
large slip of this nature occurred in the Hebden valley just opposite 
Lee Mill in Nov. 1B66, which carried down into the river below a 
considerable length of the high road. 

The effisct of landslips in widi'uing a valley is also well seen in the 
country immediately north of Todmorden. 
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The only part of tliib district in whicli drift Las been observed is the 
northern Hank of Boulswortli. 

This will be more con^'eniently described in connexion with the 
great mass of drift to the north (see p. 137). 

J. K. D. J. C. W. 



CHAPTER VI. 



THE PERMIAN SYSTEM. 

The l\rinian Rocks, constituting, after the C'arljoniferous, the next 
great volume of the earth's history, ai-e but poorly represented in this 
district. They occur in the Ribble below \\'Hddow Hall near Clitlieroe, 
in the Darwen abo\'c Roacli Bridge, and jirobably in the Yai'row south 
of Euxton. In each case these detached masses lie near to great faults, 
and it seems probable that their low position, the two first lying in low 
valleys and the last on a great sea-side plain, is due not to their having 
been originally deposited at levels so low relatively to the neighbouring 
hills, but to their having been faulted down from the main mass, which 
must have been formed on a great plain now rudely represented by the 
hilly table laud of the Carboniferous Rocks. 

Roach Bridge Section. 

Mv. Binney first called attention to this interesting section."* It 
commences about 300 yards above the bridge in the river Darwen. 
There on the left bank arc black shales with ironstones, dipping south 
at 45° to 50°, and containing Goniatifes, Posidoiioiii^rr, eoprolites, fish 
remains, and plants. The surface of these to the depth of two feet has 
changed its colour to pink and white, and these discoloui-ed beds, not 
being well seen, might be easily mistaken for a part of the Permian. 

My friend Mr. James Eccles and I, after grubbing a short time with 
our hammers, found that they wei'e distinctly dipping south with the 
Carbon! fei'ous, and not W.N.W. with the Permian beds. The latter 
have an inclination of 10" to 15°. 

The section was as follows : — 

Red, yellow, and brown sandstones, about - 
Bright brick-red massive sandstones with lipple- 

marks - - - 

Red marl 

Hard well-bedded fine red sandstones 
Red sandy marls 

Hard very fine red sandstone, containing lime 
Red fine sandy marl - . . . 

Red fine quartzose conglomerate, mottled with 

yellow and green, yellow at bottom 
Red fine sandy marl 
Pinkish white clayey shale. Carboniferous. 

In general terms this section may be described as consisting of red, 
yellow, and brown sandstones, with a marly base. The marls are no 
doubt derived from the waste of the Carboniferous shales on -which they 
lie, and the little conglomerate has its pebbles from the Millstone Grits. 
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* Observations on the Permian and Triassio Strata of Lancashire, by E. W. Binney, 
F.R.S., F.G.S., Trans. Manctiester Lit. and Phil. See., 2iid si'iies, aoI. xii, and xi\-. 
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It will be seen that our cslimato of Ihe tliickuess of the :.audstoiie 
differs from tliat of Mi'. Binucj'. In the i-iver ilsolf tlu.re is nothing 
against his ebliuiate of 400 feel, but reasoning Irom other sections we 
thought iL probable that the i'anlt between Permian and Trias eanic 
where we have placed it, and that tlicrcfore the whole of t\u- spaee to 
where the Trias is first visible in the river, was not taken up by I'ertnian 
Rocks. On the supposition that the dip continues at the same angle 
and that the fault exists as drawn, the greatest thiekness that could 
come on would be 220 feet. 

JVaddow Hall Section. 

From the weir below Waddow Hall near Clitheroe, to a point about 
200 yards lower down, beds of dark Carboniferous Limestone, with 
alternations of shaley Carboniferous Limestone, are cut into by the 
Kibble. Then comes a fault ranging S. 20 E., and bringing on a sand- 
stone which we suppose to be of Permian age. In or close to the fault 
itself and nearly vertical, is a band or bed of breccia composed, chielly 
of angular fragments of Carboniferous Limestone in a red sandy matrix. 
Next to this is some red ferruginous clay, and then comes on the sand- 
stone. It is difficult to say whether this breccia and clay are ordinary 
subaqueous deposits, or have been merely formed mechanically in the 
line of fracture. The breccia* is onlj'- a few inches, the clay several 
feet thick. Next one sees brown and yellow sandstones false-bedded 
with a general ^.V^. dip. They contain little nodular concretions, 
which consist of sand with some cementing material, probably lime. 
When broken they show a glistening fracture. A lead vein occurs near 
the fault, and almost parallel to it, in the sandstone. Lower down the 
Ribble the sandstones are red and appear to be nearly flat, but do not 
show their bedding very distinctly. Just above the iron footbridge by 
Low Moor Mills is a little vein of " Heavy-spar " running N.W. 

The base of these beds may be well seen just abo\ e Stephen Bridge 
over Bashall Brook. There are limestones of the " Shales-with-Linie- 
stones " group, highly contorted, and resting on their truncated edges 
is a bright red sand dipping north-easterly. Just at its Ijase occur 
some nodules of iron p) riles. These remind one forcibly of some 
in precisely the same position in the Permian Sandstone of Skillaw 
Clough. The rest of 15ashall Brook to its junction with the Ribble, 
and that river for half a mile or more lower, runs over '• Shales-with- 
Limestones," which have been coloured red by the Permian now 
removed, but in a westerly reach of the river, W. of Henthorn House 
some red sandstone with thin seams of marl may be seen under water. 
It appears to be dipping S.E. at 12^. Above Lower Henthorn, on tlic 
left bank, some red marls, mottled green and much disturbed at the 
surface, are visible. It is difficult to get a good dip, but N.W. seems 
the prevailing direction. The inclination is in some parts as much as 
70° or 80°, but this I believe is due to suii'ace disturbances These 
marls probably overlie the sandstones before mentioned. 

The sandstone at Stephen Bridge and about Low Moor Mills has been 
known to some local geologists, and taken by them for (Jld Red Sand- 
stone. This is quite impossible from its 2>osition. I am not aware of 
anything having been written on this matter before 1 called Mr. Hull's 
attention to it. The sjaecial interest connected with it lies in this rock 
resting on beds so low in the Carboniferous System, and proving the 



* I beg that geologists wiW treat tenderly tliis slender but interesting relit-. I once 
had the pleasui'e of showing it to an enthusiastic friend, and the pain ot seeing liitn, 
with a ponderous hammer, smash to pieces nearly all of it that was then visible. 
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removal of an enormous thickness of Carboniferous Rocks by denuda- 
tion prior to the deposition of those of the Permian System next 
following.* And this occurred at the very locality above all others 
where the Carboniferous Rocks had their greatest development in the 
Ll^nited Kingdom. Besides the Coal Measures there must have been 
removed of Millstone Grits 4,600, and of the Yoredale beds 3,000 feet. 

Yarroio Section. 
The little river Yarrow south of Euxton, near Preston, exhibits a 
section in Lower Coal ^Measures. The beds as you go down stream are 
seen to be dipping S.E. vmtil you arrive at a small ruined miU called on 
the 6-inch map Chorley Holme Mill. Here they turn over rapidly to 
the west and a fault comes on. Beyond this under the right bank I 
found some red and green marls much disturbed. They seemed to me 
to bear a strong resemblance to the Permian Marls just mentioned near 
Lower Henthorn. They have therefore been coloured accordingly, but 
the section is an obscure one, and I do not feel certain about them. 
Their position here close to the great fault would only be analogous to 
the situation of the Skillaw Clough and Bentley Brook sections. — 
R. H. T. 



CHAPTER VII. 



TRIASSIC ROCKS. 

JBashall Brook Section. — InBashall Brook for 150 yards above Talbot 
Bridge are seen beds of pvirple grit, in places a conglomerate, with bands 
of sandy shale. They are dipping N. at about 35°- These beds are pro- 
bably Upper Yoredale Grit. Above them is a little bed of sandy shale, 
and the next rock we see is some fine bright red sand with apparently 
the same dip, or if anything a little E. of N. It is much false-bedded, 
has white or yellow patches, and contains a few white quartz pebbles. 
It continues for about 60 yards along the stream, when it is concealed by 
stiflf till. This is all that is seen of it. It is quite a different rock to that 
seen in the Ribble below Waddow, and is more probably a portion of 
the Pebble Beds of the Bunter Series. 

If the fault which throws down the Permian at "Waddow be produced 
on the map it will be seen that this sandstone lies on the downthrow, or 
west, side of it. That this same fault does run in this direction is 
rendered highly probable by the occurrence, in the same line, of the 
shift to the S. of the lower boundary of the Upper Yoredale Grit, as well 
as the great fault which interrupts the continuity of the limestone axis 
of the Slaidburn and Chipping anticlinal, and brings the grits down into 
the valley between Knowlmere Manor and Thomyholme. And this is 
a matter of no small importance, for it throws light upon the4'elatious of 
the Permian and Trias to the Pennine Chain. 

If these formations were deposited in their present position relatively 
to the neighbouring hill tops, then the waters of those periods must in 
this case merely have been narrow inlets of an archipelago district. Had 
this been the case we should be likely to find these patches in other 
places besides the neighbourhood of large faults, but none such exist. 
They would also be likely to have more the character of valley or shore 
deposits, and contain at any rate beds of coarser material. But in this 
district we do not find any portion of them so coarse as typical Mill- 
stone Grit, and that we know is not a shore deposit. — R. H. T. 

* E. Hull, r.R.S., Quurt. Geol. Joiirn., vol. xxiv. p. 327. 
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Pebble Beds around Preston. — Tliis subdivision of the Buntcr Seiics 
occupies a cousiderable aren iu quarter slieet 89 N.W. Tlie chief tract 
extends from the boundary fault of the coal-measures at Cuenlcu Hall, 
near which place it dips under the Upper Mottled Sandstone; from thciicc 
the junction boundary of these two strata trends by Farrington and 
Charnock Moss to Drummock Hail, southward of which the western 
extension of the Bunter Series is cut off by the Scaresbrick Fault, 
-which brings in the Keuper Marls ; but neither the fault or the actual 
junction of the Upper IMottled Sandstone with the Pebble Beds is seen, 
owing to tlie thick covering of glacial and post-glacial di-ifts enveloping 
the country. But the position of the fault is inferred from the outcrop 
of Pebble Beds in the Kibble dipping easterly, and from that of Keuper 
Marls in the Douglas dipping westerly. 

None of the deep brook valleys of the district are as yet cut suffi- 
ciently deep to expose any section of the Pebble Beds, except in Bezza 
Brook, east of Samelsbury Hall, in the immediate neighbourhood of 
the Ribble plain, which, as well as that of its tributary the Darwen, is 
cut down as low as high-water mark near the junction of the U\o rivers. 
The rock forms a iiat uniform surface, extending under the drift plains 
as well as under the alluvial flat, as shown in the following diagram. 

Fig. 23. 
S.W. N.E. 

West of Pen\Tortham Preston. 

House. E. Eiljblo. South Meadow Lane. 



Section across the Plain of the Ribl/lc. 

a. a. AUaviiuii. /'. ( )ld Alluvial Tcirace. 

^. c. Upper Boulder Clay. '/. cl Middle Snud. 



f. e. 



Lower Bouldrr Clay. ./:,/. Pebble Beds (,nim''-'r)- 



1^ From the abo\ e it will be seen that the river Ribble at Preston has 
merely excavated its valley in the drift deposits, a channel being cut in 
the rock to a slight depth, only at a few points, where the original 
surface of the rock rose above the level of the inclined plane, repre- 
senting the lowest possible " gradient of fall "' attainable by the river, 
so long as the sea retains its present level, a gradient, which it has 
already reached, its denuding powers being confined to lateral denuda- 
tion of the banks bounding the river, and to the wearing back at 
points of the bluff's forming the limits of the valley. The rock- 
surface slopes from the land towards the sea, but the gradient of its fall 
beino- rather steeper than that of the river bed, causes the banks of the 
latter to be more and more composed of rock in advancing from Preston 
inland. 

Advancing seawards and westwards the river bed is nearly level, and 
tidal, while the slope of the rock surface continues, Ciiiising the base 
of the glacial drifts to be never seen in the coast lines of the area 
comprised in map 89 N.W., the rock-stirfacc lying oO or 60 feet beneath 
high-water mark. 

The first indication of the Pebble Beds of the Triiis is seen under the 
alluvium on the south bank of the Ribble, opposite Old Roan Wood, 
where deep brick-red coloured sandstone was found even west of this 
point, on the deepening of the river by the Ribble Navigation Company 
many years an-o ; the excavated material may still be seen on the banks 
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and built into tiie river wall; it is rather a fine-grained sandstone, with 
occasional seams of red shaly marl, and with pockets filled with the same 
material of the deepest purple colour. At a short distance east of Hang- 
man's Kack Wood, in a low clifl', at the base of the bluff of Boulder Clay, 
a rounded knoll of sandstone, covered by terrace alluvium, rises to a 
height of eight or ten feet above the level of the ordinary alluvial plain ; 
it presents the following section, the true dip of the Pebble Beds being 
about E.S.E., inclining to the horizon at an angle of four degrees. 



Fig. 24. 




Section at Hangman's Rack Wood. 

a. Old River Gravel. b. Masses of Red Sandstone. 

c. Rather soft Red and Brown Sandstone. 

Further east, in the bed of the river opposite Marsh End, and also 
near the tramroad bridge, the Pebble Beds were formerly quarried for 
building purposes ; the ytone being thoroughly saturated with moisture, 
was naturally found to be wanting in durability, and a church built of it 
at Preston had eventually to be pulled down. These quarries have 
been filled up during the last 20 years, and the river flows over the 
site. The rock is, however, well seen in the river bed at the latter 
locality, where it was first described by Mr. Binney, F.E.iS. ;" it is a rather 
hard brownish red sandstone, with a few pebbles, dipping, on the west 
of the bridge, to the S.S.E. at 25 degrees, and on the east, S. 10 E. at 
12 degrees ; between this point and Walton Bridge, it is seen at several 
points under the alluvial bank on the south side of the river, at two 
points ; hard beds of red sandstones, with greyish seams, strike entirely 
across the river, dipping up stream. 

Hard greyish red beds are also scon in the river on the south side 
of Walton Bridge, dipping from south-east to S.S.E. It has been 
penetrated to a short distance in a shallow well at the adjoining cotton 
factory, where 1 was informed by Mr. Cahcrt the rock was found to be 
soft and spongy. The next section is that at the base of the river cliff, 
below the parish church of Walton-le-dale, above the village ; about 
five feet of hard grey sandstone with current bedding, and numerous 
small quartz pebbles, dip to W. 20 S., at from five to six degrees. From 
this point eastwards, both in the Kibble and Darwen sections, the 
Pebble Beds dijj in a westerly direction, and there is no doubt, 
between Samelsbiuy and Preskm, the beds lie in a synclinal curve, 
running from west to east ; the trough of which appears to pass through 
Walton-le-dale in a N.N.E. and 8.S.W. direction, being prolonged 
southwards under the Upper Mottled Sandstone of Croston, Horscar 
Moss, Bickerstaffe, and the ea^t of Ormskirk, to Kirkby, around which 
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latter place the tract of Pc'lilile Beds, overlyinn; Iho Lower Mol(lc<l 
Sandstones of (.'roxtetli, descrilicd l>y IMr. Hull, F.1!.,S.. in the memoir on 
qnarter sheet 89 S.W. of tlie Geulo^iciil Survey Map, occurs, which 
tract was evidently eontinuousl}^ c(innc('l(Hl with that around Preston 
before the two sides of this centroclinal trough vi'as cut off by the coal- 
measure boundary fault to the east and the Scai'isbrick fanlt to the west. 

A portion of the eastern exteiision of this basin of Peljble Beds, 
occurs at Knowles Wood and Eccleston Green, where hard red and 
brown sandstone with a few scattered [)ebbles is seen dipping under the 
soft red basement bed of the Upper Mottled Sandstone already described. 
The dip of the Pebble Beds near the boundary fault of the coal- 
measures is about 2G^, bocomiuf;- less in advancinj;- westwards, and 
slightly rolling in the brook section of Knowles AA'ood, where pebbles 
are tolerably numerous; the dip of the beds, where they disappear 
under Upper Mottled Sandstone, is not more tlian four to tive degrees. 
The southern boundary of this small tract is probably formed by a small 
fault, but it is nut visible owing to the country south of the brook 
being oljscured by drift. 

Eeturning to the sections on the Ribble, the next section to that 
beneath Walton-le-Dale occurs about a mile further up the river at 
^lele House at the base of the alluvial bank in the middle of the plain. 
The dip of the sandstone, which is of a deep purple colour, is to the 
W.S.W. at a low angle. No other section occurs on this side (north) 
of the river until that south of Alston Hall is reached, but the south 
bank of the ri^•er, and indeed the bed of the river itself, is composed of 
the sandstones of the Pebble Beds from a little N.E. of Brockholes, 
8amel^bury, to Seed House, the beds being capped by terrace alluvium. 
The sandstones are much current-bedded and contain a few coloured quartz 
pebbles and seams of grey or greenish sandstone of similar lithological 
aspect to the surrounding mass. The dip is generally at low angles to 
the W.N.W. Eather soft red sandstone is seen in the bed of Bezza 
Brook a few yards west of the bridge over it at Cunlifte's, and also in a pit 
at the base of the hill, where the red shaly partings are used for ruddle, 
as mentioned by Mr. Binuey. 

At Lower Hall as at Samelsbury it forms the base of a low cliff 
capped with alluvium, but from a point a little north of this, up to 
the l)oundary fault, it forms the liase of a cliff composed of the thick 
glacial drifts. It is here of a dark purple colour, contains numerous 
jiebbles and is much current bedded, dipping from 6 to 8 degrees 
W. 10 N. The rock is much like the pebble beds around liirkenhead. 

Returning to Walton-le-Dale the Pebble Beds are seen in the 
river Darwen ; at the eastern end of Holland Wood north of Coopeis 
Fold the sandstone is very hard and of a greyish yellow colour, dipping 
23" W. 8 S. Its outcrop across the river has been used for the base of 
a weir in connexion with the sluice at AYalton Mill. From this point 
the rock does not appear until Carver Bridge above Bannister Hall is 
reached, above which the river falls over about 30 feet of soft red sand- 
stone containing a few scattered quartz pebbles, pockets of red marl, and 
seams of sandy grey marl. 

Below the waterfall the river runs through a narrow gorge exca- 
vated in the rock, the level of the surface of which gradually diminishes 
towards Carver Bridge, below which 12 feet of river gravel cemented 
by iron overlies 2 feet of rock above the ordinary river level ; 
this is about 30 feet above ordnance datum line, while the sur- 
face of the rock above the fall is 64 feet, giving 30 feet fall between 
the two points, which are 750 feet apart or 1 in 25, while that from 
Carver Bridge to the Holland Wood exposure is much smaller, being 
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only 7 feet in 8,200, or 1 in 1,171, or nearly horizontal, being the eastern 
margin of the great " plain of marine denudation " which underlies the 
whole of the drift deposits of Western Lancashire from the mouth of 
the river Mersey to that of the Lune, the greatest width of which 
occurs from the sea coast to the sections under consideration. The rock 
surface from these sections to the Permian section on the Darwen at 
Roach Bridge rises 70 feet in 4,000, or 1 in 57. It is therefore clear 
that the slope is more steep between Bannister Hall Print Works and 
the waterfall than that either above or below, and it is not impossible 
that it marks the actual sea margin of the plane of denudation to the 
west of it, which is described in the portion of this Memoir treating on 
the Drift Deposits. 

The fine section at the waterfall was first observed by Mr. Binney, 
F.R.S., who considered the beds to belong to the Pebble Beds of the 
Bunter, which view further investigation has corroborated, and he was 
also the first to point out that the sandstones of the Ribble and Darwen 
lie in a synclinal curve. 

After carefully examining the dips of the sandstones in these rivers, 
I think it probable that the Pebble Beds are not less than 800 feet in 
thickness in this area. 

Upper Mottled Sandstone. — It is well seen at Black Moss between 
Rufford and Mawdesley, where a section occurs in the pit north of 
the lane of soft red, and light coloured, mottled sandstone dipping 
N. 50 W. at five degrees, the sandstones being much current-bedded 
to the N.W. ; in the pit to the south, current-bedded, bright red 
coloured sandstone, streaked with greyish yellow, is seen, the dip being 
to the south-west ' at three or four degrees, that of the current-bedding 
to the west.* 

CuiTent-bedded, rather soft red sandstones are seen in the brook 
running between Hurst Green to the banks under Mawdesley Hall, the 
dip being to the W.N.W. In the bank above the road about 20 feet of 
sandstone is exposed traversed by thin seams of shaly marl, and liy 
joints, the surface being here and there marked with greyish white 
patches or seams running for a few inches with the bedding, which dips 
from four to six degrees to the W.N.W. Towards the Black Bull the 
bank gradually lessens in height and is capped by boulder clay, but the 
rock is seen in the roadway as well as in the bank, between the road 
and the brook, beneath as well as in the brook running down from 
Ambrose's House to Jlawdesley, where it dips to the north-west at 
7 degrees. 

Another rock exposure occurs at the meeting of the three lanes at 
tlie Boarded Barn, where rather hard red sandstone dips north-west at 
5 degrees ; a few yards further it is also seen in a garden attached to tlie 
above cottage, of which it forms the western wall ; the space occupied by 
the garden has been quarried out ; it also occurs in a hole by the road 
side a little beyond, where it dips 4 degrees in the same direction ; the 
road at this point is composed of the rock which has some traces of 
haling been glaciated from the north-west, and a little further west 
it is overlaid by particularly yellow-coloured Upper Boulder Clay. 
The water from the spring called Robin Hood Well is evidently supplied 
by tliese sandstones, as is also that to the south-east near Salt Pit 
House, in which the water is salt, containing several grains per gallon. 

In the country between Liverpool and Soutliport the Upper Mottled 
Sandstone was found to consist of three divisions, the upper being n 
liard yellowish sandstone with softer beds, the whole often containing 
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cavities or empty pofkels, small pebbles of white qiwriz lioiiif^- not 
entirely unknown. 

The middle bed is of a bright red colour with greenish-grey seams or 
mottlings associated with extremely soft pinkish-red .sandstones, witli an 
almost equal amount of yellow mottlings ; to this division, the beds of 
Mawdesley described above belong, the upper hard beds being absent in 
quarter ^heet 89 N.W. The lowest division is of a bright deep red 
colom', extremely fine grained, seldom current bedded, in Cheshire ; it is 
well seen at the mouth of Bromborough Pool, as described by Prof. 
Hull, F.R.S. ;* and in the present map (89 N.W.) it is seen resting on 
the Pebble Beds at Syd Brook at Eeeleston Green ; it dips at Mill 
Lane 4 degi-ees to the north-west. 

Fig. 25. 
N.E. S.W. 

Upper itottled Sandstone. 



Lower Pebble Beds (Bunter). 

Coal-measures. 

Section nt Syd Brook. Ecclcston Grren. 
Soft red sandstones running nearly level are met with beneath the 
alluvium in the wells at Croston ; they probably belong to the middle 
beds and are continuous with those of Mawdesley. 

Keuper Marls. — Are the newest strata found in AYest Lancashire ; 
they are generally of a pale greenish grey colour, especially in the upper 
portion, but red seams sometimes occur. At the Palace Hotel, Birkdale 
Park, Southport, they were bored into to a depth of 567 feet without the 
bottom being reached ; between this boring and Bescar Lane, in 90 S.E. 
and 90 N.E., several sections occur ; the strike is generally north-east 
and south-west, the dip being small and subject to small rolls or undula- 
tions towards the north-west and south-cast, entering the south-western 
margin of the Preston quarter sheet. The red and grey marls occur 
beneath the Boulder Clay knolls AV.S.W. of Bescar Lane Station, and 
under the peat, in the fields north of the sluice, to the east, •^^•here 
masses of indurated grey shales with pseudomoiphous crystals of salt 
are turned up plentifully in digging the deep peat drains ; they also 
occur, associated with fibrous gypsum, at the bottom of the sluice, at the 
engine-house, at Wigans Bridge, north of Berry House, where about 
three feet of Shirdley Hill Sand, six of Boulder Clay, and 15 of Red 
Marls, with gypsum, were passed through. 

Indurated shales also occur at the bottom of the deserted canal cutting 
from Merscar Brook, near Dochyles, just off the margin of the map. 

The Marls are also foimd underlying the Boulder Clay in the bed of 
the Douglas, at Placks, near Tarleton, and at the mouth of the river, 
between Hesketh Bank and Freckleton Point. They also occur under 
the cliff of Boulder Clay, at the latter locality, which is sometimes called 
the Naze, or Neb, of Freckleton ; here, after the severe storm of Feb- 
ruary 1868, I observed the marls, consisting of red clay with partings of 
grey shales, covered with pseudomorphous crystals of salt, and associated 
with much fibrous gypsum, the sand and shingle generally covering 
the section having been swept away ; some fragments of marl and gyp- 
sum occur in the base of the boulder clay, and can be seen at any time ; 
the marls beneath appeared to be nearly horizontal ; further to the west, 

* " Explanation of Horizontal Section, sheet 68." 
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at. Warton, I am informed by Mr. Gregson, of Lytliam, they were bored 
into some years af;o in a fruitless search for coal. Shaly marls have also 
l^een brought up from the bottom of clay wells at Kirkham, and further 
to the west, off the margin of the map, a boring was made in 1837, at 
Poulton-le-Fylde, to search for coal ; the bore, after penetrating through 
the Ijeds of the Glacial Drift, ])asse(l through the Keuper Marls (as - 
mentioned by Mr. Binney, F.R.S.) to a considerable depth without 
reaching their base, the total depth from the surface being 179 yards ; 
this, however, was reached in an misuccessful well made for the War 
Office at Fleetwood, a bod of grit being reached at a depth of 170 feet. 
This grit may possibly be Lower Keuper Sandstone, but in this case, 
as well as that of the deep well at Scarisbrick, which penetrated the marls, 
there appears to be a slight probability of the underlying beds being 
of Yoredale age in the former case, and of Lower Millstone Grit age in 
the latter ; the grounds for this possibility are stated in the account of 
the faults of the district. 

The basement beds of the Keuper Marls are not seen anywhere within 
the map, and the Lower Keuper .Sandstone is absent, the next strata in 
descending order being the Upper Mottled Sandstone of the Bunter 
series, — C. E. R. 



CHAPTER VIII. 



GLACIAL AND POST-GLACIAL DEIFT DEPOSITS. 

Observations in this district go to confirm (he generally recognised 
fact that all the main physical features of hill and dale had been sculp- 
tured out before tlie commencement of the Glacial Epoch. A\'e find the 
deposits of boulder clay, sand, and gravel referable to this period 
occupying not only the plains, but partially filling in the lateral valleys, 
and resting on the denuded edges of the Carboniferous Rocks. As 
regards the Acrtical limit which erratic pebbles attain in this district, 
there is some uncertainty, because it is quite possible they may occur in 
hollows concealed by peat at ele\ations higher than where exposed to 
view ; but I can state from my own observation that erratic pebbles may 
be traced to an elevation of 1,300 feet, both on Black Ilambledon and 
Boulsworth.* Above these elevations wandering stones and ice-borne 
boulders are not found, though both on Pendle, Boulsworth, and other 
hills are strewn large blocks of Millstone Grit, relics of rock masses 
which once overlay the beds now forming the surface of these hills.| 
Thus, on the western escarpment of Pendle Hill, may be seen large masses 
of grit and conglomei'ate, differing in coarseness of grain and general 
appearance from the beds of finer grit of the Yoredale series, which 
forms the summit of the hill. These coarser blocks are clearly referable 
to the Kinder Scout Grit of the Millstone series, which once overspread 
the Yoredale beds, and has left behind these memorials of its former 



* This statement accords with that of the late Mr. Whitaker of Burnley, who 
stated that he could trace the drift to a height of 1,.300 or 1,400 feet, but no higher. 
He likewise mentions the occurrence on Pendle of the semi-arctie plant, i?!( 6ms ehamce- 
morus, which does not grow on the opposite side of the Burnley Valley, attributing its 
presence on Pendle to the view of its having been left unsubmerged during the glacial 
period. Trans. Geol. Soc. Manchester, vol. 4, p. 115. 

j- Mr. T. T. Wilkinson, F.R.A.S., considers that some of these blocks containing 
basin-shaped hollows have been used for purposes of Uruidioal worship. See Trans. 
Hist. Soc. Lane, vol. 5, N. S. Mr. Gunn, of the Geological Survey, states that all the 
blocks of stone on Boulsworth are millstone grit and not erratic boulders. 
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presence. In a similar way lias Mr. Prestwicli accounted for the 
" Sarsen stones " of Wiltshire and Dorsot ; which, although belonging to 
the early Tertiary series, are found scattered over districts formed of 
Cretaceous and Oolitic formations. 

Although the subdiviwous of the Drift series, consisting of a lower 
and upper till, divided by beds of sand and gravel, which occur in 
South Lancashire and Cheshire, have not been as yet traced out on the 
maps over the Burnley and Blackburn districls, I have little doubt they 
will be found to maintain their relative characters and position in this 
mwe northern and hilly region. These three members of the Drift are 
displayed in at least one fine section, and confirm me in the view I have 
stated. The section is laid open in the left bank of the Ribble, near 
Balderston Hall, below Ribchester, of which a sketch is annexed. Here 
the river takes a semicircular sweep of 750 yards iu diameter, bounded 
by a cliif wholly composed of these glacial deposits rising 170 feet above 
the bed of the stream, as shown in the sketch below. 



Fig. 2G. 




Drift Deposits in the Banks of the llihblc. 

The follovping is the description of the beds as seen in the section : — 

a, Upper Till r Red clay, apparently laminated, resting on the 
or < underlying sand in an even well-defined line 

Boulder Clay. [ of demarcation, 55 to GO feet. 

r Fine reddish sand with beds of gravel of 
b. Middle Sand. < rounded watervvorn pebbles, and with a gravel 
L bed at the base, £0 feet. 

j" Dark brown and bluish stiff clay, apparently not 
c, Lower Till. < laminated, and with angular pebbles and 
L boulders, more than 10 feet. 

These divisions, which correspond exactly with those in the neigli^ 
bourhood of Manchester, may be frequently traced along some of the 
deep dells which intersect the country north and west of Blackburn. 
Thus in the lower part of Old Park Wood, near Oxendale Hall, the 
Middle Sand is found resting on the Lower Till, and in the upper, the 
Upper Till is found resting on the Middle Sand. A similar series of 
30514. I 
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deposits may be iigain observed in Merserfield Wood and Bezzabrook. 
At Blackburn, and downwards along the valley of the river Darwen as 
far as Wiiton Park, wr find the Upper Till (much used in brick-making) 
resting on the Middle Sand. In the neighbourhood of Pleasington the 
sand reappears from beneath the Upper Till, and on the right bank of 
the river Darwen, above Hoghton Bottoms, forms rounded banks and 
mounds, such as are characteristic of these Ijeds when they occur in force. 
On the left bank of the valley, however, the Upper Till again overlies 
the sand and forms a flattish country. 

In the neighbourhood of Manchester, Oldham, and Stockport I have 
shown that the several subdivisions of the Drift have a tendency to rise 
and fall to higher and lower le\ els as they approach the hills or recede 
from them, thus accommodating ihemselves (o the original form of the 
ground.* Similar phenoinena may be oliserved in the district of the 
Pendle Range, and on the flanks of the hills east of the Burnley Basin. 
As an illustration in the former district, 1 here give a sketch showing 
the position of tlie Lower Till underlying the Middle Sand at an elevation 
oi' 600 feet near Blackburn, and which is also interesting as showing 
the form of the shelving bank of flagstone rocks over which the more 
recent beds were deposited. 

Fig. 27. 




Sketch in a Quarry above Little Harwood Hall, near Blackburn. 

feet. 

1. Grarel, principally local rocks - 2 to 8 

2. Daik blueTill - o to 9 

3. Sandy shales and grits - -1 n' -^ 

4. "Fine-grained grits and flagstones ) P ^^"■ 

In the valley of the Calder above AN'hallcy we find the JMiddle Sand 
and gravel surmounting the Lower Till, and rising gradually from the 
plain by the old Roman camp to an elevation of 500 feet at Clerk Hill. 

On the southern slopes of Padiham Heights several brooks descend 
along the bottom of deep doughs to empty themselves into the Ciddcr. 
These banks aic often composed of the INIiddle Sand overlying the 
Lower Till which forms the bed of the brook. The line of boundary 
between the sand and the Till can be very plainly traced by the outburst 
of springs and marshy ground ; and the beds have a slope towards the 
plain nearly corresponding to that of the surface of the ground. 

Amongst the deep doughs or valleys which stretch far into the hills 

*" Geology of the Country around Oldham, &c.," Jleui. Geol. Survey. Also, 
" Ou the Drift Deposits in the neighbourhood of jMuuchestev," Mem. Lit. and Phil! 
Soc. of Manchester, vol. 2, 3rd series, p. 456-8. 
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along the ca-,(,eni side uf tl\o Burnley cckiI-Ij.imu wo lind lliu Drii't 
deposits iisMiming very |ieculiar ;L|ipc;ir;iiices, iiud iiHrriii;; several itoinis 
of interest. These valleys are of older date than ^]n^ Drill itself, and have 
suhsequentiy been filled in, sometimes lo depdis of l.')() or 200 I'eel, 
with masses of gravel resting on boulder ehiy.* The upper surface of 
those deposits slopes upwards with tlu^ vallejs, luxl upon the rc-eleva- 
fion of the land the brooks, with their innumerable tribuLory rills, have 
cut down channels through this gravel, so as sometimes almost to 
obliterate the original surfuee. Jiesides this, llie gravel itself has been 
worn into conic;d mounds or hummocks by rain and brook aetion. 
These have somewhat the appearance of old glacial moraines, such as 
may be seen in the lake district of Cumberland and W'estraoielund ; but 
when wo come to examine them closely, we can trace the original 
surface of the gravel bed by joining the tops of the mounds with an 
imaginary surface, and observing the successive stages of formation, 
from the mound shape to the original solid gravel-bed. 

Fig. 28. 




Hummock-shaped Mou?ids of Drift Gravel neai- Worst/torn. 



The valley of Hurstwood Brook near Worsthorn (Fig. 28) affords a 
good example. Flere the north bank of shale and flags has formed the 
original sea cliff against whicli the gravel has been deposited, and from this 
it has been spread over the moorland for a considerable distance upwards. 
The gravel is now worn into great numbers of mounds, but the original 
sloping surface can be very well observed from several positions at a 
little distance. Similar appearances may be oliser\ed in Thursden 
Clough near the new bridge, in Swains Plat Clougli, along the higher 
part of Catlow Brook, and in the upper part of Cant Clough Beck. We 
iiud similar phenomena presented by the drift gi'avel in a locality at 
some distance from the above, but not less marked, and evidently 
referable to similar causes. From the foot of the high escarpment of Hap- 
ten Scout there extends a tract of moorland sloping downwards towards 
the north, and over which drift deposits are often deeply spiead, as sho>vu 
in Thorny Bank Clough. These deposits form an old sea beach, ex- 
tending to the base of the cliff, and spreading over the tract now known 
as the Lower Park. On approaching the ravine formed by a brook 
course which is often dry, the surface of the gravel-bed begins to be 
intersected by little rills, which gradually deepen their channels, and 
being connected by cross gutters at length spread a network over the 
whole ground. As the deepening of the rills and gutters proceeds the 
hummock-shaped appearance of the enclosed masses of gravel becomes 
more developed, till at length all traces of the original suiiace ha\c 
disappeared, and we find in its stead a space of ground dotted over -with 
conical mounds, like a colony of gigantic anthills. 

I have stated above that these brook courses on the western slopes of 



* Or sometimes one of these without ihe other. 
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Boulsworth and Black Hambledoa afford evidence of having been 
scooped out before the Drift period. The figure showing the section of 
the Hurstwood valley is of course an illustration of this ; another good 
example is afforded by the valley of Swinden Water below Extwistle 
Mill. 

Here you walk along the bod of the brook in a valley which is lined 
on one side by banks of boulder clay, and on the other by nearly 
horizontal beds of flagstone and shale. The cliif of flagstone is clearly 
the old cliff against which the Drift has been deposited, but it has been 
laid open here again by the brook which has cut down its channel along 
the old boundary wall (Fig. 29). 

Fig. 29. 
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Section across the Valley of Swinden Brook, showing the Margin of an 
old J'allei/ filled in with Bonlder Clay. 

That the glacial deposits have been spread in great masses over this 
district, and have subsequently suffered considerable denudation, will be 
apparent on observing the valleys of Catlow, Tliursden, and Swinden 
Brooks. That they have also been transported from the northward or 
north-westward will be apparent from a comparison of the rock fragments 
they contain. The majority of the stones are Carboniferous limestone 
and grits, besides which are Silurian grits, traps, quartzites, granites, 
and ironstone ; but very surprising is the abundance of limestone pebbles 
which occur, and which were, before tlie introduction of good roads, 
canals, and railways, largely used for lime. Along the valleys above 
named we frequently come upon the ruins of little limekilns, in which 
the hmestone boulders were calcined, and sometimes we find little heaps 
of the stones themselves collected, in which are often mixed pieces of trap 
or other strange rocks, which the limeburners probably thought would 
make lime if only burnt enough. In Cant Clough Beck, at an elevation 
of 1,000 feet nbove the sea, there appears to have been a little colony of 
limeburners, for the ruins of their kilns, huts, and roadways may be 
traced very cleai'ly along the base of Hazel Edge. 

As might be inferred the stones and boulders of the Till generally 
show glaciated surfaces. This is particularly the rase with the lime- 
stone blocks when freshly disinterred ; their close and uniform texture 
apparently well fitting them to receive and retain the marks of the 
polishing and grooving to which they have been subjected. 

An observer cannot fail to be struck with the contrast between the 
western and eastern sides of the Penine chain as regards the glacial 
deposits. All along the western flanks of the chain and extending into 
the plains these deposits are spread in masses often attaining a thick- 
ness of 150 or 200 feet, but on the Yorkshire side these deposits are 
absent, the strata everywhere appearing at the surface or only covered 
by soil. It is clear that during the glacial epoch, and during the sub- 
mergence of the land to a depth of 1,800 feet, the sea on the western 
side of the Penine HiUs was surcharged with mud and rock-laden ice, 
while on the others there wns clear water. And if we assume that the 
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earliest stage of the drift was a sheet of land-ice, we must infer a state 
of things still more strange, for in the same country and divided only by 
a narrow band of high land we shonld have to suppose the plains on one 
side to be overspread with an icx'-yheet stretching all the way southward 
from the Cumberland mountains, and on the other similar plains witliout 
the ice-covering. A plausible reason might lie assigned for this in the 
fact that it is only on the Avest side that the Cumberland mountains are 
found, and that it is on this side that the greatest amount of rain (or 
snow) feU, as at the present day. The subject, however, is still in- 
volved in obscurity, notwithstanding all that has been written upon it, 
and I merely throw out these hints in order to show some of the 
difficulties which have to be grappled with. 

Glaciated Rock Surfaces {Roches Moutonnces). — That the land was 
originally covered by an ice-sheet as far south as the Pendle range in 
the Burnley district seems highly probable from the ice-worn surfaces 
of the rocks in several places. The most remarkable example is that of 
the large roche moutonnee in the valley of the C'alder about half a mile 
above WhaUey, discovered by Mr. Tiddeman and myself during an 
excursion we made together in the sjiring of I860. Here a large boss 
of Millstone Grit rises above the alluvial flat of the river on the north 
side of Nab Wood. The rock has a rounded outline and is partiaUy 
covered by vegetation, but where exposed presents, more or less clearly 
examples of parallel groovings, unmistakably of glacial origin.* The 
direction of the grooves is N. 15 W. or S. 15 E. The opposite side of 
the valley is flUed up with thick masses of glacial deposits. 

It would appear therefore that this gap in the Pendle Range through 
which the Calder flows had been scooped out before the glacial epoch. 
It was originaUy about half a mile in diameter, bounded on the north by 
the miUstone rocks of Clerk Hill and on the south by those of Nab 
Wood and Whalley Banks. Through this gap an oflshoot from the great 
ice-sheet seems to have protruded, debouching on the plain of the 
Calder, and bringing some portion of those thick masses of Till which fill 
the valley of the Calder in this neighbourhood. 

The surface of the Mountain Limestone at Chatburn when freshly 
uncovered is seen to be scored with ice-groves and scratches, and my 
colleague Mr. Tiddeman tells me that these appearances are not unfre- 
quent over the region to the northward ; but as he himself wiU in a 
future page describe these examples I will not further aUude to them 
myself. There are some rock surfaces in Colne Edge formed of ^iSIill- 
stone Grit, which from their moulded outhne present every appearance 
of ice-worn surfaces, but my colleague and myself have not been able to 
detect any ice-marks. This, however, may be easily accounted for, as 
the surfaces have apparently been long exposed to the weather. 

In connexion with these examples of land-ice action, we cannot 
forget the far more perfect cases which were observed and described by 
Mr. G. H. Morton in 1862'|" on both banks of the Mersey at Liverpool, 
where the surface of the New Red Sandstone, recently stripped of its 
covering of Till, was found to be sculptured over with parallel grooves and 



* Professor Eamsay has since (1867) visited this boss of rock, and fully concurs in 
tlie opinion of the glacial origin of these markings. 
\ Journ. Geol. Soc, London, vol. xviii., p. 377. 
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flutings pointing in a general direction west o£ nortli, and extending over 
mjuare yardu in four severnl localities. These markings wei-c subse- 
quently vi-^ili'd and de.scribed by myself in 1 863,"* and are represented on 
thi' six-inch Geological iMaps of Liverpool (Sheets 106, 113). 

Ii-c-iiKirkhtgs on. Horiuich Moor. — Tlie ice-markings above described 
occur at comparatively low elevations, and may be attributed to an ice 
slieet which overspread the plains and lower eminences ; but the ice 
marks which I am about to describe are found ut a comparatively high 
elevation, and are to be referred in all probability to the stranding or 
scraping of an iceberg during the later glacial period of submersion of 
the land, rather than to land ice. 

Tlie rock surface to which I now refer occurs a short distance to the 
south of the margin of the Blackburn one-inch map, in the adjoining map 
89 N.l']., and has not hitherto been described in the Memoirs of the 
( leologii'al Surve\'. The rock consists of Upper Millstone Grit, and 
runs along the crest of an escarpment called Burnt Edge, overlooking 
the \alley of Dean Brook. The site is near to the side of the road 
which crosses the hill from the southward, and the surface is exposed 
over an area of several square yards. On this surface numerous per- 
fectly distinct and parallel groovings w(n'(_' observed, ranging in a direction 
W. 10 ' N. and E. 10° 8. This direction, it will be observed, is different 
from that of the groo^'ings at Livei'pool and ^Vballe^•, and taken together 
with the difference of level are reasons why I am disposed to attribute 
them rcriiieetively to different causes. 

I may add that on lirst finding these ice-marks in so unlooked-for a 
position, I felt some ditiidenee regarding their nature and origin ; but on 
a subsequent visit with Profe-Jsor Ramsny, whose experience in questions 
of this kind is second to none, I was quite confirmed by him in the 
view regarding their glacial origin.f 

Reverting to the cj[uestion of land ice and the supposed ice sheet,| I 
may draw attention to a remarkable appearance exhibited by the rocks 
of tlie Fendle Range along many parts of the lower ridges, for I do not 
think they extend to elevations above 1,000 feet. In our survey of the 
millstone beds of the range above Blackburn, Harwood, and Padiham, 
Mr. Tiddemaii and myself have often been struck with the fact that 
t.lic ends of the beds, as they reach the surface with a high southerly 
declination, are generally bent o\er so as to seem to dip in an opposite 
direction. This is a nuitter of so common occurrence that it is hardly 
necessary to specify instances; and my colleague has observed cases not 
only on the southern slopes but on the northern slopes, where the fall of 
the ground is .'igainst the dip. In pondering over the matter, and 
endeavouring to determine some cause for a phenomenon extending over 
several miles of billy ground, it seemed clear to us that some general 
cause ought to be assigned for so general an cffi'ct . Nor can we suppose that 
any but a a ery powerful inlluenee lias been sufficient to bend over strata 
weighing many thous.ands of tons from their normal position. 

Recollecting the evidences which this district affords (some of which 
have been just described) of the extensive development of land ice, it has 
occurred to us that the overturning of the beds may have been one of the 

* Trans. Geol. Soc. Manchester, vol. 4, p. 288. 

t The directions of these ice-marks are now engraved on the 6-inch Ordnance and 
Geological Map No. 86. Those at Liverpool are also engraved on the C-inch maps 
of that town, 106 and 113, 

X A generalization of Professor Agassiz, many years ago. 
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effects of the ice-sheet which may liave l.)cen forced over the lower 
portions of the barrier offered to its progress southward by the Pcndle 
Range of hills. 

Another pxpLuiation, however, offers itself. Tliese overturnings may, 
msome cases, l>e attributed to floating ice, wliich impelled by north-west 
winds and currents during the period of submersion, and coming in con- 
tact Willi the sunken reefs of the Pcndle liange, would tend to forco 
the beds over towai'ds the southward in the manner observed.'' E. H. 

Drifts ; Ribble Valley. 

So much space has been given to the Drifts of the neighbourhood by 
my colleagues Prof. Hull and I\[v. De Ranee, that I need not repeat 
their chief characteristics or succession. For my views as to the glacia- 
tion of this district by an Ice-sheet, the arrangement of the Till as to 
colour and materials, and the period at which it occupied the country, 
I must refer the reader to what I have written elsewhere.j I will merely 
give a few sections from my note-book. 

At Euxton Plall, near Preston, a well sunk to the depth of 60 feet, 
with the exception of a few feet of clay at top, passed entirely through 
sand and gravel (Middle Drift). Ditto, a well at the priest's house, near 
the Roman Catholic Church, Euxton, to the depth of 45 feet. 

At Dobridden Wood, near Sunderland Hall, on the left bank of the 
Ribble, occurs the following interesting section : 

feet. 

Upper Boulder Clay, of the usual type, about - - JO 

Buff sand, with thin occasional beds of gravel ■ - 111 
Hard sandy stiff Brown Boulder Clay, with scratched stones, 

and a laminated sandy bed, two feet from the top - 5 
Buff sand, as above, containing a well-scratched small 

boulder of Limestone - - 10 

Lower Boulder Clay, or Till, with large scratched stones - 25 seen. 

At Copy Wheel, on the Calder, near its junction with the Ribble, 
beneath 10 feet of alluvial mud, Avas the following descending succes- 
sion, River Gravel, Alluvial Mnd, Boulder Clay, Gravel, Boulder Clay. 
As there were several landslips close by, this cannot be firmly trusted. 

The terraces of Middle Drift, on both sides of the Calder above 
Whalley, are very interesting. They <-onsist of sand and gravel 
tolerably well bedded. On the north side of n sand pit a little above 
the turnpike coarse sand of buff colour overlies a bed of sandy gravel. 
On the south side is sand (about 6 feet shown) containing obscure frag- 



* If the cause was floatiug ice, the crerturning of the heds ought oulj- to be found 
when the rock was likely to oppose an obstacle to the berg, such as the top of a ridge 
or knowl. 

While these pages iire passing through the press, Mr. Tidderaan has published a 
valuable paper " On the Evidence for the Ice-sheet in North Lancashire," &c., ac- 
companied b)' a map iu which the glacial markings are laid down (Quart. Journ. Geol. 
Soe., vol. 28, p. 471). The description of the phenomena on the I'endle Eidge above 
given having been written about six years ago, my colleague will ohseiTC that some 
of his views were anticipated. (Nov. 1872.) 

f " On the Evidence for the Ice-sheet in North Lancashiw," &c., Quart. Jouru. 
Geol. Soc, vol. xxviii., pp. 471-491, 1872. " The Older Deposits in the Victoria 
Cavt;, Settle;" Geological Magazine, vol. x., p. 11. " The Age of the North of 
England Ice-sheet," Ibid., p. 140. "The Relation of Man to the Ice-sheet in the 
North of England," Nature, vol, ix.. No. 210, p. 14. 
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merits of marine shells and pebbles of coal ; beneath this a bed of red 
marly alluvial clay, roughly laminated, 9 inches thick, resting on sand. 
The entire thickness of the Middle Drift is not exposed, but there must 
be about 40 feet of it. Boulder Clay or Till is seen in the bank of the 
river below. It consists of a very stiff grey sandy clay, full of angular, 
subangular, and rounded fragments of Carboniferous Eocks, chiefly 
Limestone. The boulders are all local, except two or three pebbles of 
Silurian Grit, which may have come down Ribblesdale. The junction 
of the Middle Drift and Till is well seen below the sandpit. 

The woodcut. Fig. 30, is intended to represent a drift section in the 
bank of the Eibble near Waddow Hall. 

Its chief interest lies in a patch of Boulder Clay dei^osited in an eroded 
hollow in the sand and gravel A., and evenly covered by a bed of sharp 
sand B.* 



Fir/. 30. 




Section on the Ribble, near JVnddoio Hall. 

A.. Sand and gravel, with Boulder-clay restiog in an eroded hollow at the top of it. 

B. beam of fine sand. 

I'. Boulder-clay with well-scratched stones. 

D. Sand and gravel. 

On the left l.iink of Smithies Beck, a little wny above the road from 
Chatburn to Sawley, is tlie following section : 

Fine and coarse gravel and sand ■ 10 ft. 

A bed of very hard stiff mud, with scrStohed stones at 

bottom, but tolerably free from them above, about - 3 ft. 
Boulder Clay, containing large and small scratched boulders. 

This stiff mud occurs in several places. In Bashall Brook there are 
several beds of it intercalated with gravel. 

A curious ridge of gravel runs from near AYest Bradford towards Stoney- 
hurst. In some places it is very coarse, but fine beds occur in it. The 



* The engraver by insertipg some unusually large ducks, which were not in my 
ongmal sketch, has rather dwarfed both the river and the cliff.— B. H. T. 
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pebbles of which it is composed seem to be derived from the Boulder 
Clay, and are local : they have only faint scratches, but have been 
subjected to a good deal of pounding. It probably represents an old 
beach or shoal. In elevation the deposit lies between I he 250 and 300 
foot levels above Ordnance datum. — R. H. T. 

Drifts near Colne. 

In the country north and east of Colne it was not possible to recognise 
and trace the three divisions of the Drift before mentioned. Stiff bluish 
clay studded with numerous blocks of Carljoniferous grit and limestone 
is. the prevailing drift ; the limestones are almost always well scratched. 
In places, e.g. along the northern flanks of Boulsworth and in parts of 
the low limestone country north of Barnoldswick, the clay is not so stiff 
and the stones are more rounded, so that it may be called a gravelly 
clay ; but this is full of scratched stones. Mounds of gravel composed 
of well-rounded waterworn stones, and also clean running sand, are seen 
here and there. Some of these will be noticed further on. The highest 
point to which I have traced undoubted glacial drift is a little over 
1,200 feet above the sea. This is about three-quarters of a mile west of 
Lad Law, the highest point of Boidsworth Hill, and some distance N.N.E. 
of Red Spa, and it runs up to heights varying from 1,000 to 1,200 feet 
all along the northern flank of Boulsworth. North of Combe Hill it 
goes up to about 1,150 feet at Round Holes and near Cowloughton 
Dam. In the high ground S.W. of Carlton I have not traced it higher 
than about 1,050 feet at Park Head quarry, but it may go higher. The 
gi-it of White Moor and of the Carlton Synclinal seems almost entirely 
free from drift, and yet very small portions of these ai-eas rise above the 
1,200 feet contour line, and a great part of the Carlton Synclinal which 
is bare of drift is between 600 and 1,000 feet. E\ en in the low ground 
there are many considerable areas where there is little or no drift. It 
is thickest in the valleys, as a rule, thinner on the hill slopes, and 
thinnest on the grit and limestones ridges. I have long thought that 
its present rather capricious distribution is due in a great measure to its 
irregular original deposition, though it has of coui'se been denuded more 
in some places than in others ; and I cannot help thinking that the low 
ground which is now bare of drift had little or no drift on it at the 
close of the glacial period, and that the drift never was so deep in 
valleys as its position on their sides would lead one to suppose. 

There appears to be no glacial drift in the valleys east of Black 
Hambledon, Black Moor, and Boulsworth. The lowest points on the 
watershed about here are at Widdop Cross 1,286 and at Harestones 
about 1,240 feet respectively. These heights appear to have been too 
great for the drift coming from the west to get over either into the 
Widdop Valley oi- into that of Gorple Water. But when we get further 
north to where the watershed descends to about 1,120 above the sea, 
between Combe HiU and Crow Hill, we find that the glacial drift has 
gone over the pass. For the drift is very thick at Smithy Clough aud 
can be seen up to about I,OoW feet, and though none is seen at the 
watei'shed near Barn Hill, nor any for some distance down the Worth 
on the other side, drift is found in the Worth Valley about a mile and a 
half east of the watershed, and one does not see how it could get there 
unless it came over this pass. 

The Boulder Clay is very thick about lekornshaw as shown in the 
banks of lekornshaw Beck and Summerhouse Clough. Immediately 
N.E. of the village there must be from 75 to 100 feet of it at least. It 
is also thick about Laneshaw Bridge. 
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The following is the detail of a boring made east of the latter village 
so far as it related to drift : — 

Stony clay 
Smooth clay 
Gravel 
Stony clay 

74 5 

Another boring near shovs^ed 88 ft. 9 in. of drift made up of blue 
marl, gravel, and sand. 

In several places along the northern side of Boulsworth are remains 
of old limekilns built to burn limeslone boulders got out of the drift, 
which appears to have l)oen a good deal Avurlied for limestone at Beaver, 
Stack Hill, and Smithy Clougli Scars. The moundy ground near the 
two last-mentioned scars is no doubt in a great measure the result of 
these old workings. Old limekilns can also be seen down Ickornshaw 
and Gill Becks, near gravel pits at Cowloughton and on Emmott Moor, 
and they arc very numerous near the Laneshaw Brook at Higher Scars, 
about three-quarters of a mile S.E. of Laneshaw House. Here I found 
some quartz boulders, the only ])lace in tliis district where T have noticed 
any rocks in tlie drift other than Carboniferniis limestones, grits, and cherts. 

There appear to be two distinct sets of gr,a^-el drifts in this district, 
one occurring at heights between 900 and 1,150 feet above the sea, the 
other not being found much abo'se 500 feet above the sea. I cannot say 
there is any essential difference in character bet«'een the two sets. 

To the foi'mer of these belongs the gravel seen in pits on Eramott 
Moor about a mile E. of Emmott Hall, by tlie side of Laneshaw Beck 
on Ickornshaw Moor where the word '• cparry "' is seen on the 1-inch 
map, and near Cowloughton. Tliese gravels seem generally to have 
tlie form of mounds. At all these places the gravel is consolidated, and 
near t'o\\doughton tliis drift conglomei'atc assumes veiy i'antastic forms, 
due no doubt in a great measure to the quarrying it has undergone. 

The other gravels I shall refer lo Ijelong to the lower set. There is a 
long mound of gravel W. of C'olne between Haverholt and the Cotton 
factory, but not much of a section in it, and there is a sand pit at Sand 
Hole, near the smallest canal reservoir. 

East oi' Foulri(l,i;:o station there is a seclinn in Iimwu sandy earth with 
lai'ge slones ; further on gi'avel occurs, and still furllier on, on the same 
level, a kind of brick earlh free from stones, bnt what relation these bear 
to one another is not clear. On tlie opposite side of the railway is a large 
excavation in drift gra^■el made for ballast. The stones here are mostl)- 
rounded, consisting of Carboniieixuis limestones, rollen stones, grits, and 
gannister. At the N. end the gravel is conveited into a conglomei'ate. 
But the finest section bv far in these drift sands and gravels was exposed 
in the making of the liarnoldswick railwav in a cutting near Salterforth, 
lietweeii Cross Lane and Salteribrlh Lane. The seclion showed beauli- 
fiitly stratified clean running sands and fine gravels, exeeeduigly current 
bedded, and several small shifts in the beds were apparent.* The dip 
of the beds was to the south-east, conformable to the slope of the 
surface. ( In the western side of Cross Lane, boulder clay of the ordinary 



* For much of this description of the Salterforth sand and gravel I am indebted to 
my colleague, Mr. Dalton, who kindly visited the cutting for me while the railway 
was being made. 
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type was seeu reposing on a steeply dipping siirfiice of Lower Yoredali' 
Grit ; and in one ]>lace close to the lane t-hcie was a very thin coating 
of gravel on the boulder clay, which might bi' the base of the sands, the 
dip of which corresponded pretty nearly with the slope of the top of the 
clay. Covering up the clay, and fillinji; up a hollow between the sand 
and the solid rock, occuri-ed a. mass of loamy clayey sand, like rainwash, 
nearly free from stones except near the surface, where there were seen 
a few scattered pebbles of sandstone and glaciated limestone. It is 
possible that this may be the equivalent of the Upper lioulder Clay of 
South Lancashire, and that the sands are the Middle Sands. The rain- 
wash-like material evidentl}' lies in a denudation hollow of the sands. 
No trace of a fossil has been found iu these drifts after very careful 
search. 

The drift between Blacko and Foulridge seems locally derived. It 
is very sandy, and contains apparently little besides large blocks of 
coarse grit. 

On the north side of Black Clough Head (Hey Slacks Clongh), between 
Tom Groove and the sheepfold, and at a distance of about 100 yards from 
the stream, is a flat-topped bank which looks like the remains of a terrace. 
The side affords very poor sections, but the bank seems to consist of 
rather small angular gravel. If one looks from here towards the Dove 
.Stones a terrace-like flat is seen running nearly all round the clough at 
about the same level, which is 1,400 feet above the sea. This is covered 
with peat ; but at about the same height, halfway up Tom Groove, toward 
the county boundaiy, well-rounded gravel can be seen high up at the 
top of the shale bank. This looks very much as if the clough had t'nv- 
merly been here the site of an old lake, possibly dammed by a moraine, 
of which the bank first mentioned may be the remains. Xo far-travelled 
boulders were seen here, nothing Init locally derived j-tones. 

On the west side of Laneshaw Brook, about 300 yards south of Laushaw 
House, a mass of coarse grit was seen apparently dipping south at a 
considerable angle. I cannot account for the position of this unless it 
is a boulder. 

Perhaps some reference should be made here to the pecidiar mound3- 
shape of the low ground between Gisburn and Skipton, which is in some 
measure due to the drift, though I do not think that many of tlie 
numerous hills in this district are composed entirely of drift clay, which 
is the jircvailing drift here. 1 have no doubt if the drift were removed 
we should see an undulating surface, the main features of which would 
be much the same as the present, only that the contours would be sharper, 
and the limestone would stand out in serrated ridges here and there, as 
it does f.t Marton Scar. No doubt the peculiar smoothed rounded 
outline of the hills is principally due to the coating of drift. The surface 
of the limestone rock in a quarry close to the canal, west of Gill church 
is glaciated, the scratches trending S. 10 W. AV. G. 

River Terraces and Allvviiiiii. — Sever.al of the principal streams in 
this district ofler examples of old rivci' terraces higher by several feet 
than the more modern alluvial flats. These gravels shoAV the position 
which the rivers formerly occupied. In some of these gravels in the 
ancient Forest of Rossendale antlers and bones of red deer have been 
found by Captain Aitken and Mr. J. H. Ash worth,* and a doubtful 
specimen of a flint arrowhead by the late Mr. Whitaker, of Burnley, 
from Barrowford. — E. H. 

* Traus. Geol. Soc. Manchester, vol. 4, p. 333. 
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GLACIA.L Dbift Deposits op the District aeound Preston 
AND Chorley. 

As in the adjoining district of Blackburn, the classification of 
the Glacial Drifts, established by Professor Hull for the Manchester 
neighbourhood, is found to hold good in the country around Preston, 
Kirkham, and Chorley. The whole of the great plain already des- 
cribed as extended from the foot of the hills of the Pendle range consists 
of three drifts, the Upper Boulder generally forming the surface, and the 
rock-surface nearly everywhere deeply concealed by the thick cover- 
ing of drift which near Standisb reaches a great thickness. In the 
western portion of the area between CoppuU and Preston the rock- 
surface is often completely beneath high-water mark, so that were the 
Boulder diifts absent, the whole of the western edge of Lancashire, from 
the river Alt north of Liverpool, to the Lune south of Lancaster, 
would be beneath the sea, up to a line ranging by Bay Horse, Garstang, 
the Eibble at Alston Hall, Roach Bridge, Euxton, Eufford, Ormskirk, 
and MaghuU. 

Lower Boulder Clay. — This deposit is well seen in a cutting near the 
Preston Waggon Works at Marsh End, where it underlies the Middle Sand 
and Upper Boulder Clay. It is of reddish brown colour, and contains 
numerous stones and boulders, chiefly derived from the lake district of 
Cumberland and Westmoreland ; one boulder of greyish white granite, 
with large crystals of black mica, is 5 x 4 X 3 feet in size ; it, as well as 
most of the smaller erratics, are scratched in more than one direction. The 
lower and upper clays precisely resemble each other in this section, the 
lower perhaps having the greater number of stones per cubic yard, and 
occasionally containing large boulders of altered volcanic breccias from 
the Lake District, more than a yard in length. 

Oh the 1-inch map a brook is seen to bifurcate near Laurel Bank, 
north-west of Preston, one branch running south of Fulwood Barracks 
towards Sion Hill, the other to run north of them, and to again divide 
at Clayton Villa, the northern branch running N.E. to Gerard's Hall. 
All these brooks east of Withy Trees fl.ow through flat alluvial plain, 
bounded by cliffs, in some instances smooth and rounded, resembling 
those bounding the Kibble plain, which I have hereafter described as 
bluflTs. These cliffs or bluffs exhibit fine sections of the jNliddle Drift 
and Upper Boulder Clay, and the former, on the south side of the brook 
from Gerard's Hall to Clayton Villa, is seen resting on the Lower 
Boulder Clay, which is here a duU red-coloured clay, well packed with 
stones. It is also obscurely seen in the north cliff of the brook from the 
latter villa to the " Hall," also ia the brook south of the Barracks, both 
on the north side below the word " Manor House " and on the south side 
at Holmes Slack. 

It occurs at the base of the long winding bluff forming the northern 
limit of the Ribble plain from above Walton-le-dale Bridge to Alston 
Hall, and beyond the margin of the map, at Red Scar, this bluff has been 
eaten by the river into a cliff, at the base of which the Lower Boulder 
Clay is well seen as a rather stiff clay, with a great number of scratched 
pebbles, the clay being of the usual red colour (Fig. 35). 

Till In a railway cutting made in 1868, at Brinscall, east of Chorley, 

the Upper Boulder Clay and Middle Drift I found to rest upon a boss 
of tough hard lead-coloured clay or Till. It contained many sub-angular 
blocks of Black Carboniferous Limestone and other rocks derived from 
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the western slopes of the Penine chain to the north, but no Lake 
District erratics, nor, as far as I could see, any marine shellH or traces of 
oblique lamination. About 13 feet of the, clay was exposed in the 
cutting, the cost of making which was considerably increased by the 
intense hardness of the Till, which resisted the action of blasting. This 
clay would appear to have been formed by a small in-shut flowing from 
the N.N.E. over Iho watershed south of the Roddlesworth valley. Its 
surface at the highest portion of the boss is 437 feet abo\ e O. D. L. It 
is there covered by 17 feet of Middle Drift and 5 feet of ordinary red 
Upper Boulder Cla)-, with erratic pebbles, gradually increasing in 
thickness in every direction. 



W.N.W. 



Fig. 31. 



K.S.E. 




Section at Brinscall Railway Station. 

a. Upper Boulder Clay. 

b. Middle drift, sand, and large shingJe. 

c. Till. 



Traces of this Till are met with at several other points, but in none are 
they so clearly seen as in the above section. This clay would appear to 
have been formed partly before and partly contemporaneously with the 
red Lower Boulder Clay of the lowlands. 

3Iiddle Drift. — The surface of the sand and gravel appears to have 
been everywhere deposited in a series of mounds resembling the saud 
banks of the modern sea coast, causing a very unequal thickness of 
Upper Boulder Clay to rest upon it. Thus at the village of Leyland, 
which is built upon the crest or summit of one of these mounds, the 
Middle Drift has hardly any covering of clay ; while in a well at the 
India Rubber Works, Golden Hill, only half a mile distant, 75 feet of 
Upper Boulder Clay was passed through before the Middle Drift was 
reached ; and as the surface of the ground at the latter place is 10 feet 
below the former, it follows that the surface of the Middle Drift has 
sunk 85 feet in a space of about 2,000 feet in length. The actual fall is 
probably much more abrupt, for south of Leyland, in Shaw Brook, the 
junction of the Middle Drift and the Upper Bovdder Clay only attains 
an elevation of 95 feet, while immediately to the north in the park it 
reaches 146 feet, and immediately to the south it rises in numerous 
knolls to an elevation of 156 feet. 

Many examples of these knolls are found both north and south of 
Chorley, between Leyland and Farringtou, and a small one on the high 
road between Blackburn and Preston. In this case, as at Leyland and 
Euxton, the elevation of the Middle Drift in the knoll is higher than 
that exposed in the banks of the adjoining valley, proving apparently 
that the present brooks and modern drainage have a tendency to flow 
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along the lines oC natural depression in the surface of the Middle 
Drift ; liut this may Ik; partly due to the fact that rain falling on 
sand would ha\e a tendency to sink rather than to flow away as 
a stream, and that therefore the thicker the clay the less the power 
of soakage of rain, and the more likelihood of its forming a stream along 
the line of thickest clay, or in other words, along the line of loivest 
Middle Drift. 

In addition to the small knolls above describe^, there are four large 
jialehes, or umall sheets, of Middle Drift, each of which has been chosen 
for the site of a town by the Northmen when they first colonized the 
district, namely, Preston, Kirkham, Chorley, and Leyland, the four 
largest towns and villages in this district. The cause of tliis may 
possibly be due to the occurrence of beds of loam in the sand, which, 
supporting small sheets of water, cause it to issue as springs in these 
tracts, which would make them extremely valuable in a springless 
country, like the Ujiper Boulder region surrounding these towns. 

In the north-western corner of the map the Middle Drift is seen in 
the churchyard of the Roman Catholic chapel of the Willows. It consists 
of fine yellow sand, and is connected with that found at Kirkham by a 
strip of sand cropping to the surfact; across Wrong Way Lane, running 
to Church Street and there expanding and forming the subsoil of the 
greater part of the town. In a p>it dug behind Preston Street 24 feet of 
false-bedded white and yellow sand was seen, each bed being divided 
by a thin hard seam of sand, cemented together by the action of 
carbonated water on the lime derived from the included shells on 
horizons of the drift, where water is supported and held in sheets by 
imj^ermeable seams of loam. The level of the surface of the sand in the 
pit is 102 feet above O. D. L. The town of Kirkham is built partly 
on the continuation of the Boulder Clay plain described in the Preston 
district, running fi'om the foot of the Yoredale Grit Fells, at an elo\"ation 
of 500 feet, by Preston (175 feet), and Kirkham (100 feet), to Blackpool, 
where it is abruptly terminated by the sea, forming a cliff 70 feet high, 
which is being worn back into the country, at an average rate of nearly 
a yard a year, by Ihe combined action of frost, rain, and wind, which, 
removing vast quantities of sand, cause large masses of the Upper 
Boulder Clay to fall to the base of the cliff!, from which they are 
removed by the spring tides. 

This uniformity of the level of the slope of the country, though sub- 
ject to undulations below the plane, is constant in the district, stray hills 
never rising above. Tliesc undulations, though unimportnnt in the 
greater part of the Preston sheet, increase in number and depth in the 
country to the north and west, where they form " swamp hollowb," 
generally filled in at the bottom with peat, occasionally underlain by 
lacustrine clay. The hollows ai'e entirely excavated in the glacial 
deposits, and the rock-surface is inv.nriably at a considerable depth 
below the bottom of the hollow, trending, like the surface of the drift, 
in an inclined plane from the grit fells at Chipping, at 500 feet, 
towards the sea ; but, unlike the Drift, its surface is at least 20 feet 
below the Ordnance datum line, instead of nearly 100 feet above it. It 
is clear, therefore, that though the rock and the Drift surface start from 
the same point, the fall of the latter is less steep than the former by 
nearly 120 feet, and that the whole of the space intervening between the 
two planes must be filled in with drift of that thickness ; and thus it is 
that in the present quarter sheet the rock in the western portions is only 
found at tlie bottom ol' the Eibble valley and near the mouths of its 
immediate tributaries, and that in all the deep brook-valleys north of the 
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rivor, even in that uC 'run Brook, near Rcilscai-, ncuily SO fcol in ilrplli, 
thiU rock is nrvei- found, nnd tluit it in only on ai)[irouchin;> tlio j^rit 
hills that it crops to the surfaei', lirst appearing in (lie iici;;libourin;^ 
country in map 91 S.K., under the drilt at the botluni of the deep brook 
gorges. 

It may be well here to slate that in Ihe eeiilrc of the area occupied by 
that sheet, Grit hills from 200 lo 600 feet in lieight ueenpy a zone of 
country inter\ening between Ihe drifl plain and tlie high I'ells, rising 
to more than 1,700 feet, while in tlie country to the soutii these Fells 
rise at once abi'uplly from the roek-plane below, which occupies e\en 
a lower level than represented almxe. This intenneiliate range of low 
flanking hills, from thus oceuiiying the space where the Boulder Drift 
should have been, causes the Glacial Deposits to be sparsely represented 
iu the district, the hills being Ijarely co\'ered, and the ilrift plain lo 
terminate at 180 feet above the sea, ijistead of at nearly 600. This 
is more and more the case in advancing to the nortli, tlie hills 
gradually approaching the existing coast line, until at Ilest Bank the 
plain commences and ends within a mile, and at Warton Crag, licyoud 
C'aruforth, it has disappe;n-ed altogether, and Glacial Drift, to tlie north 
and west, nearly surrounds the hills and fills up the valleys, the tops of 
the hills and mountains being bare of drift, as in the country around 
Ormskirk and Wigan to the south of the plain, while, in the great drift 
plain extending from north of Ormskirk to south of Lancaster, the 
crests of the hills are the exact points wdiere the drift is thickest. 

Tt is therefore probable that the drift only exhibits the phenomenon of 
a smooth inclined plain, dipping towards the sea, where it rests upon a 
similar plane of rock beneath, and that where the original " rock- 
surface " was undulating the drift has merely filled in the hollows, most 
of which have been in great measure re-exea\ated out li\- modern stream 
action, examples of wdiich are seen in the spur of the Penine chain, 
called by Professor Hull the Pendle range, part of ■\\hich runs along the 
south-eastern edge of the present sheet (H9A'.^V.). It would therelbre 
appear that, the inclined plain of Glacial Drill owes its origin to being 
deposited during subsidence upon an old rock plain of marine denudation, 
the esistern limit of which forms a bay running from near Kuftbrd, by 
Eccleston, Euxton, Bamber Bridge, >Sanielsbury, and the Ribblc valley 
in the direction of Ribchester, and thence westward by Broughton, 
Garstang, and Cockerham to the sea, Aveslward of which line the rock 
surface is either little above, at, and often below, the existing sea level, 
in which, from the superposition of (ilacial Drifts, the surface of the 
country is often 170 feet above it. 

If it be admitted that the surface of the Glacial Drift plain owed its 
inclination to deposition, and not to denudation, then it is easy to 
understand that the surface would be subject to a ct'rlain amount of 
undulation, and hollows would be formed, the level of the entrances to 
which wouhl be often above that of the central part of the depression, 
resembling in this respect the " Rock-basin " of Prof. Ramsay, though 
due to so entirely different a cause. And it would also explain the 
fact that these swamp-hollows, when numerous, are connected with 
each other by " cols," and are entirely unconnected with the drainage 
of the country. 

At Kirkham one of these "swamp-hollows" breaks the continuity of 
the plain from north to south ; it is covered A\illi n thin bed of alluvium 
overlying peat, brought down partly since the hollow has been drained by 
a sluice carrying its waters into Freckleton (or Dow) Brook, below Kirk- 
ham Windmill, and near the point where the Roman Road crossed the 
moss, on the surface of which can still be traced the stones which they 



144 GEOLOaT OF THE BTJRNLEY COALFIELD, ETC. 

piled on it to give' it solidity ; a little to the west, at the foot of the 
bluff or escarpment forming the margin of the hollow, the site of a 
Roman bath occurs, supplied by what was once called the " New 
England Spring," and near which the splendid Roman shield dedicated to 
Minerva was discovered in 1793. These facts are of importance, owing 
to the level of the ground here being only 30 feet above the Ordnance 
datum line, and therefore only about eight feet above highest spring-tide 
mark, proving that the country cannot have risen many feet, if at all, since 
the Roman epoch, and also that the growth of peat appears even then to 
have ceased in this district. 

The bluff or escarpment, mentioned above as forming the limit of the 
swamp hollow, abruptly terminates the plain on which Kirkham is built, 
Carr Lane, Church Street, MiU Street, and Wrong Way Lane, being 
built on the bluff itself; this between Church and MiU Street is very 
steep, forming a cliff facing north, 50 feet high, composed of Middle 
Drift, the base concealed by peat ; but its upper surface is seen under- 
lying the Upper Boulder Clay the pit mentioned above, and also in 
Poulton Street ; the Middle Sand here is therefore at least 60 feet in 
thickness. To the west, just off the margin of the sheet, it rises to the 
surface in several knolls towards Great Plumpton, near which it is well 
seen in the railway cutting (of the Blackpool and Preston line), but in 
the Lytham branch, near Westby Bridge, the Upper Boulder Clay reaches 
a thickness of 31 feet without the base being exposed. Eastward, near 
the canal, east of Salwick Hall, the Upper Boulder Clay thin to four 
feet, and the Middle Sand is seen in pits (at an elevation of the surface 
of 84 feet). It is also seen on the north bluff of the Ribble, near New 
Lea Hall, where the following section is observable : — 

E. ^%- 32. ^y_ 



a. Upper Boulder Clay, 10 ft. seam. 

b. Gravel 2 ft. I 

^Gr^a'ei ■ J ;; Middle Drift. 

e. Sand • 5 „ J 

f. Lower Boulder Clay. 
(The bottom of the pit is 28 feet above the Ordnance Datum Level) 

Section in the Ribble near New Lea Hall. 

In a clay-pit near here large masses of consohdated Middle Drift 
Shingle occur, three or four yards in length, resembling in general 
appearance, variation of size of pebble seams, &c., the Kinder Scout 
division of the Millstone CT]it. The spring called St. Catherine's well, 
near New Lea Hall, appears to issue from the junction of the Middle 
Drift with the Upper Boulder Clay. 

In the Preston 6-inch nuip (61) the Middle Drift forms both sides of a 
valley running from the Wlicat Sheaf Inn (below Tulketh Hall, by Ox 
Heys Mill, near the L. N. W. E.), to Deepdale, but before vpacliing this 
point it expands, occupying the surface of the plain from Gallows Hill, 
southward, in almost one continuous sheet to Avenham, dipping beneath 
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the Upper Buulder Clay to llic west and to the casl, Ihu wuiJcni Iwundjiry 
lunuing by IMaiidlauds Britlgo Lauo, bflwccii Friai- Gate and l.uiir; 
Street, across the middle of Fishergate, the north side of Wiiickloy 
Square, top of Avo^nham, to Baul< Tarndc ; thcucc it runs to the nortii- 
east to Clmrch Street, whence it turns to the north, running to S(. 
Thomas' Church, to the north of which it joins that portion which 
runs up by Deepdalc. The followiug buildings in Treston are built upon 
the Middle Drift, the Town Hall, Avcnhani Institution, Dr. Shepherd's 
library, &c., St. John's, St. Peter's, St. Thomas' churches, and the Roman 
Catholic cathedral, with a thin bod of Upper Boulder Clay intervening. 
The Jliddle Drift dips suddenly westwards on the west side of the tract 
described above, reappearing near (lie foot of the bluft" forming the 
margin of the Ribble valley, running from Tulketh Hall, by Stanley 
Terrace, Avenham Park, to Fishwick, where the bluff has been cut 
back into a remarkable semicircular cUff by the action of the Rilible ; 
between this outcrop and the Middle Drift at the top of the plain and 
the top and edge of the bluff there is generally an overlap of Upper Till, 
in fact at Avenham Park it descends nearly to the alluvium below. 
Near the Wheat Sheaf Inn the following artificial section of the bluff 
has been exposed, Fig. 31, and the sand has been recently cut into in the 
cliff below Stanley Terrace. 

Fig. 33. 




Section near IVheat Sheaf Inn, Preston* 



fa. Boulder Clay 



Upper Till ■{ h. Sand 



ft. 




ft. 
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d. Sand 
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e. Loam 
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f. Sand 
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Uliddle Drift. 




g. Clay 


1 




3 


A. Sand 


isj 





\^c. Boulder Clay 

;. Lower Boulder Clay, 12 ft. 

The Middle Drift, capped by Upper Boulder Clay, is well .seen in the sniid 
pit ou the south side of the canal, near Tulketh factory, tlie clay being from 
6 to 22 feet thick, resting on at least 30 feet of sand, which is slightly 
current-bedded in a S.S.E. direction, and traversed by hard seams of con- 
solidated sand, running in sheets about four inches in thickness ; on the 
opposite side of the canal, near Brookhouse Mill, the sand crops to the 
surface ; a few yards to tiie south-east, 10 feet of sand is visible, capped by 

* The bank of sand in the foreground has been made too dark by the engiiivtr. 
At the time the section was taken (1870), it had not been cut back as far as the 
artificial cliff behind it, which joins it. C. E, B. 
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four feet of clay ; still further south the latter has thickened to 10 feet, 
and an additional 10 feet of sand is seen in a well. On the opposite 
side of the Fylde Road, near the site of St. Mary Magdalen's church, the 
following section occurs : — ■ 

Fig. 34. 




Seciion in Fylde Road, Preston. 



a. Vegetable mould. 

b. Upper Boulder Clay. 



i;. Yellow Sand - 

d. Gravel - !• Middle Drift. 

c. Sand J 



1= 



At Deepdale, in a pit to the N.E. of the station, the following section 
occurs : — 

Upper Till. — a. Eed stiff clay -witli erratic BoUlders - . - 6 feet. 

f6. Yellow sand (the Upper surface undulating) - 4 ,, 

c. Shingle - - - - 3 „ 

d. Soft yellow sand - (■ 27 „ 
MiddleDrift.<;e. Loam - 0^ „ 

/. Sand - - - 6j „ 

q. Loam (used for brass casting) Of ,, 

ji. Sand- - - - ( + ) 

The level of the surface of this Middle Drift is 124 feet above 0. D. L., 
being higher than in the town of Preston or in the country to the west 
of it. The sand is much false-bedded in a S.S.E. direction, and 
occasionally to the S.S.W. the shingle bed contains fragments of shells 
of TurriteJhi terebra and Cardium edule. No decided shingle bed 
occurs anywhere between this section and the coast at Blackpool (where 
they attain a large developement), with the exception of the seam at New 
Lea Hall. To the west of the Deepdale Eoad, north of the workhouse, 
the following is seen in the .steep north bank of Deepdale Brook : — 

r Sand, fine yellow - - 30 feet. 

Middle Drift -I Loam, with 0«freo erfwZ/s - - 6 ,, 

L Sand - 6 „ 

Further ^^'eit, also on the north bank of the same brook (here called 
Moor Brook), the following is seen at a point opposite Brookfield 
Mill :— 

Sand - - - - - - 1 foot. 

Clay, thickening to the west - - 3 to 4 feet. 

. Laminated fine yellow sand, with fragments of shells 24 feet visible. 

A few yards to the north, towards Moor Faik, the sand is capped 
with 6 or 8 feet of Upper Till which is worked for bricks. 

It may be here mentioned as a singular fact that the steep (and there- 
fore section side) of nearly all the brooks which flow from east to west is 
the north side, and it is a saying with the country people that " sand 
" always faces the 12 o'clock sun." The southern sides of the brook 
valleys are almost invariably rounded bluffs covered with rainwash, 
concealing the Middle Drift beneath. 



Middle 
Drift 
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The following is the section exposed in digging a gasometer bed in 
1869 fit Ribbleton Lane, for the new gasworks : — 



r Red Boulder clay, with erratic pebliles 
Upper Till i Wet loam 

L Red clay, in part brown, with few stonc3 
Middle Drift Sand, wet running 



lL> feet. 
■i „ 
'■> ,. 
5 „ 

At the foot of the long winding blulF forming the northern margin of 
the Ribble valley, extending from Fishwiek to Alston Hall, and beyond 
the margin of the sheet, the Middle Drift is invariably found ; it gene- 
rally occurs as sand, but seams of shingle with shells of Tiirritella 
terebra, Cardium edule, Tellina Balfliicii, occur at Throsbock ^V'ood 
and ati Red Scar, where, as already mentioned, the Lower Till is so well 
seen, as sho^^u in the following section : — 

Fig. 35. 




TO 



Section of Red Scar CUff, River Ribble. 



Yl'IIow cluy, with very 
smalt stones. 

Red loauiy clay^ witli 
many Ijnulders. 

Stiff Ijrown marl, with 
few tjoulders. 



Laminated sand. 
Shingle, 



Middle Saud. 



Stitr red clay, with \ Lower Boulder 
erratic boulders. J Clay. 



A similar section occurs on the south bank of the river at Spring 
Wood north of Lower Hall. The sand here is equally thick, but the 
pebble seams are thinner. The clay beneath is, however, rather changed, 
being a deep bhic in colour and of a much stiffer consistence than the 
Red Lower Boulder Clay of Red Scar. The level of the latter is 27 feet, 
that of the former 50 feet, above Ordnance datum line, resting on the 
Pebble Beds of the Bunter. On this bank of the Ribble, a little further 
east, is the Balderstone section described by Professor Hull, F.R.S., at 
p. 129 of this IMenioir. Tlie sand from Spring Wood runs round by Bezza 
Farm to Bezza Brook, where it forms the chief part of each side of the 
valley, the Upper Till forming a plateau along which a road is carried ; 
the sand from the south bank of Bezza valley runs by the Seed Park, 
the level of its surface gradually decreasing to the brook north of 
Samelsbury Church, where it disappears beneath the Boulder Clay, but 
it crops to the surface through the Upper Boulder Clay at the top of the 
hill, cast of South Bank, of the 6-ineh map 61, and east of the "6 " and 

K 2 



148 GEOLOGY OF THE BURNLEY COAL3?IELD:, ETC. 

" .5,'' by the turnpike I'oad of the 1-inch map. About 26 feet of sand, but 
no gia\'el, is here seen in the north bank of a brook which runs out at 
Ribble Bank. In Tun Brook on the iKirth side of the river and in all 
the other brook valleys near, the Middle Drift is well seen underlying 
the Upper Boulder Clay, running to the north beyond the margin to that 
Ijoint where the level of the bottom of the brook is coincident with that 
of the surface of the Middle Drift ; this in Elston Hall brook is 164 feet, 
descending to 70 feet at Elston Wood; is 146 feet at Tun Brook east of 
Grimsargh Hall, descending to 130 feet at Red Scai- Wood. North of 
the nibble in the brook valley south of the Barracks it is at 130 
feet, in that north of the Bari'acks it is at 130 feet, crojiping to the 
surface al)uve the valley south of FulwoodRowat 180 feet ; in this patch 
there is a pit, where 5 feet of slift" chocolate-coloured Upper Boulder Clay 
is seen resting on 25 feet of current-bedded sand with seams of very 
coarse sand and small shingle dipping to the S.E. In the tributaiy brook 
north of this the Middle Sand is last seen at a point in the bed of the 
bi'ook beyond the margin of the sheet, leaving the sheet at an elevation 
of 150 feet. 

Returning to the brooks with short courses running immediately into 
the Ribble, between Tun Brook and Boilton, the first to the west is 
a very small one, rising at an elevation of 1.50 feet, and only flowing 
eastwarfls 450 feet before reaching the Ribble plain at a level of 60 feet, 
falling therefore 90 feet in 450, or one foot in five, the gorge thus exca- 
vated being V-shaped in plan and section. In plan the V being longer 
and longer in these valleys, in proportion as there is a greater and a 
greater distance between the source and the outfall ; as the springs 
gradually work backward so this lengthens, and the angle of the fall of 
the stream becomes less and less steep. On examination of the 
brook valleys, with long courses, flowing -west from Grimsargh and 
Fulwood to the Ribble plain east of Clifton, 1 found the gradients of 
their beds to be one uniform slope from the source to the ]ilain, in other 
words, these brooks have cut their channels as low as it is possible, so 
long as the level of the sea (and thei'eforc of the plain on which they 
debouch) and that of their sources remains at their existing level. 

In most streams denudation appeals to be threefold, vertical, cutting 
the channels downwards, always acting from below n[)\vards, or from the 
outfall, towards the source ; longitudiinil, cutting away the banks on both 
sides when the streams flow straight, and the outer side only when it 
flows in a curve ; ;\nd /iiiii:o/it/d where the stream or river through ex- 
cessive curving, in addition to wearing the cilge of its channel, wears it 
completely backwards, causing the water to be thrown diagonally at the 
hill or blufl' forming the limit of the valley, which thus receives the 
whole horizontal width of the stream. 

In streams supplied by springs flowing out of the hill sides, it follows 
that if the strata dip inwards into the hill, that the further back the 
stream is cut the lower will be the level of the springs (which must 
necessarily issue at the junction of permeable with impermeable beds) ; 
in these instances the cutting back of the stream by ilenudation will 
have the effect of lowering the level of the source. If, on the contrary, 
the strata have an outward dip, the source will be raised imtil it reach 
the line along which the water-bearing strntuui crops to the surface, 
on the top of the hill, the slope corresponding to the dip of the bed, 
and not to the gradient of the stream below. In the Glacial Drift 
beds the water-bearing seams occur at the surface of the Lower Boulder 
clay, and on thin beds of clayey loam -sVlnch occur in the Middle Drift 
as well as above the seams of consolidated sand and gravel found iu 
that formation. The boss or mound-shaped arrangement so often 
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found in these beds, an envelope of nppcr boulder clay, covciiiig a centi'al 
mass of jNliddle Drift, or a thick bed of the lattei' coverinu; an internal 
core of Lower Boulder Clay, resembles to a eerfaiu exient the outwni'd 
dip of strata ; and the sources of nearly all the small br<ioks iutersectiug 
the boulder-clay plain running to the Ribble occur in beds witli this 
arrangement, and have no tendency to cut down tlieir channels at their 
source, but rather in cutting back to ascend the hill. The ground 
above a spring is generally steep, and from 10 to 30 feet in height, up 
to the top of the plain, or to the undulating hollow, which forms the 
upper portion of most of the brook valleys running into the Ribble ; it 
is particularly well seen in the valley behiud Fishwick Hall, of which 
Fiu'. 36 is a diagram. 

Fig. 36. 



BUTTERLANDS 




Sketch Map af Brooks, near Fishwick Hall. 
(Scale, 6 inches = 1 mile.) 

In the little brook valley of Boilton Wood the Middle Drift does not 
rise to a level higher than that which it occupies on the face of the 
escarpment. In the next valley lireaching it, the stream rises in a 
spring at an elevation of 170 feet, a few feet from a col, in the water- 
shed, which runs a little to the north of the Eibble, separated the water 
slopes drained by the long-course brooks flowing west, from tlie short- 
course flowing south, direct to the Ribble. From a spring (west of 
Higher Boilton) it flows 500 feet across a field with a Aery slight fall 
in the centre of an undulation of the ground ; it then falls from 164 
feet to 75 feet at the Ribble plain, in 900 feet, or one in 10. The 
Middle Drift, in this valley, is last seen at an elevation of 170 feet, or 
that in which it occurs in the bluff or escarpment, for in these short 
valleys the surface of the Middle Drift is not seen for a sufficient length 
of space for undulations to any extent to occur. 

The next valley, that of Brockholes Wood, is longer, the stream 
running 2,500 feet, from the springs to the Ribble plain, falling 119 feet 
in its course, the Middle Drift disappearing under the boulder clay at 
144 feet, being 120 at Eyes Wood in the bluff, to the south of the 
Blackburn and Preston turnpike road, where the s.ind is \evy fine- 
o-rained and rather dark coloui'wl. Further west another very short 
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brook runs down from Butterlands to Mete House Brook, at the bottom 
of which Middle Drift sand is seen, its surface at its junction witli tlie 
Upper Boulder Clay being 140 feet, its lower surface at its junction 
with the Lower Till 100 feet, the brook falling 125 feet in 800 feet, 
from its source to the RilsVjle. 

To the west, near Fishwick Hall, several brook valleys meet, as 
shown ill Fig. 36. Tlie chief of these is that immediately behind the 
Hall ; the brook takes its source from a spring by the side of the 
high road mentioned above, opposite the Preston cemetery, in which 
a large knoll of Bliddle Drift sand crops to the plain through the Upper 
Boulder Clay, the highest point of junction being 18o feet, west of 
Farrington Hall. Between the edge of this patch and the spring, 
10 feet of boulder clay was seen resting on the Middle Sand ; further 
south it is no doubt thicker, the sand not being seen in tlie brook until 
the 125 feet contour is reached, the Lower Boulder Clay underlying 
its base at the 75 feet, the sand being therefore ,50 feet in thiekne-«. 
This brook runs 3,000 feet and falls 117 (167-50) feet. Immediately 
to the west two brooks take their source, to the south of Pinfold, the 
edges of the two valleys being at the upper ends within 40 feet of each 
other, as shown in Fig. 36. 

The south bluff of the liilible has been so seldom denuded that very 
few sections occur, and no Middle Drift is seen west\vard of Samelsbury 
Church, until reaching the cliff below Walton-le-dale Chinch, where 
the following section occurs : — 

CI. Upper Boulder Clay, 1^1 feet seen. 

b. Middle Drift. Rather loamy sand, densely packed with pebbles, 

some of large size, all apparently derived from the Lower Till, 
some retaining the scratches,* 18 feet. 

c. Lower Boulder Clay. Red loamy clay, densely packed with erratic 

pebbles. 7 feet under water. 

d. Rock. (Pebble-beds of Bimter.) 

About a mile to the south-cast the Middle Drift is also seen in the 
south bank of the river Darwen at Mosney Wood, where it is a pure 
reddish-coloured sand, the surface being about 75 feet above 0. D. L. 
It will be seen by reference to the appended table, p. 107, the surface 
of the Middle Drift is 225 feet lower than at Pleasington, five miles east 
on the same river, giving a fall 45 feet per mile ; tlie trend of the highest 
Middle Drift runs from N.E. to S.'W., following the western slopes of 
the Pendle range ; thus at Brindle it is seen in a dec]) pit, at an elevation 
of 450 feet, while at Bezza Brook to the due nf)i(h it is only 118 feet, 
proving that this deposit invariably conforms to the level of the rocky 
floor beneath, as might be expected from the shallow-water conditions 
observable in it, successive lines of Middle Drift sand and shingle being 
formed as the country gradually subsided, offering higher and still 
higher coast-lines to the denuding action of its breakers ; thus in the 
lowlands the included stones are invariably such as might be found in 
the Lower Boulder Clay, while higher up pebbles of Coal, Millstone, and 
Yoredale Grits first make their appearance, becoming more and more 
local as greater heights are reached. 

This is especially seen to be the case in the curious gravel mounds 
occurring between Chorley and Heapey, one of which, known as 
Pickering Castle, rises to a height of 75 feet above the average level of 
the surrounding ground. No Upper Boulder Clay is found on any 
of these mounds, though it occurs at their feet ; it is therefore just 

* Erratic boulders, now being washed out of the boulder clay by the sea, on the 
shores of Morecambe Bay, and deposited in rei;ent sand, still retain their scratches. 
The Fame fact has been observed by Professor Eam^ay, F.R.S., on the coast of 
Angleseft, 
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possible that they may be Esker Mounds resting upon the Upper 
Boulder Clay. 

At C'horley, in a sand pit on the north side of the town, current- 
bedded sand and shingle occurs, the latter consisthig of 86 per cent, of 
erratic, and 14 per cent, of local (carboniferous) pebbles. They are 
associated with sheUa of Tarritellu, &c. 

A great number of shells occur in a gravel pit* between Whittle-le- 
Woods and Leyland, where I also obtained some bones, pronounced by 
Mr. Boyd Dawkins, F.R.S. (who kindly examined them), to have 
belonged to a herbivorous animal. 

Between Chorley and the villages of Euxton and Leyland a great 
number of brook \'alleys occur, the brooks being tributary to the rivers 
Yarrow and Lostock ; in nearly all of these the Middle Drift Sand is 
seen beneath the Upper Boulder Clay, shingle never occurs. West of 
Euxton its surface dips down entirely beneath the Upper Boulder Clay, 
with the exception of one section at Eccleston, which is the most 
western exposure of Middle Drift (south of the Ribble), in map 89 N.W., 
it is shown in the following section : — 

Fig. 37. 
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Section in Sand Pit, South of St. Ma-ry's Church, Eccleston. 



a. Upper Boulder Clay ... 4 feet 

b. False-bedded sand (Middle Drift) 12 „ 

Upper Boulder Clay. — This deposit consists, iieur its junction with 
the Middle Drift beneath, of a deep chocolate coloured stiff clay with a 
few subangular stones, 4 to 7 inches in length, all more or less scratched. 
This bed, which is nearly 20 feet thick at Red Scar, on the banks of the 
Kibble (on the opposite bank to the Balderstone Hall section described 
by Mr. Hull), it is there succeeded by a thick bed of reddish clay with 
a considerable number of stones of all sizes, but generally 2 or 3 inches 
in length, but sometimes from 3 to 4 feet ; the smaller stones are often 
more or less perfectly rounded and not invariably scratched ; this clay 
may be considered to be the typical Upper Boulder Clay of the district, 
the uppermost bed being generally denuded away by the wash of rain 
over the surface of the land ; it consists of bright yellow or pure white 
moderately stiff clay, with bands of very small stones, slightly stratified. 
It is well seen in the fields on both sides of the railway, west of 
Crrimsargh Station. The Boulder Clay is also rudely laminated and 
stratified in a pit by the side of the lane, running between the letters 
t and h, in the word " Penwortham" (in the 1-inch map), the section 
occurring between them and the word " Crooknoss," also in the lane 

* Prom the superficial (lej,osit overlying the gravel of this pit I obtained portions of 
two early British rough-baked urns ornamented with the string pattern, which I have 
deposited in the Museum of Practical Geology, Jermyn Street. The urns were broken 
by the workmen in digging them out a few minutes before I visited the pit in May 
18C9.-C. B. K. 
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west of (he word " Now Gate," south-^vest of C'liarnock Moss in 
I'eiiwoi'tham. 

The following villages and hamlets, in this quarter sheet, are situated 
on the Upper Boulder Clay : — Wren Green. Warton, Freckleton, Treales, 
Newton, Sridcs, Lund, Clifton, Asliton, Fullwood, Ribbleton, Samels- 
liury, I'enwortham, Howick, Hutton, Longton, Farrington, Bamber 
Bridge, Moon's Mill, Houghton, Ilesketh Bank, Hesketh with Beccon- 
sall, Much Hoole, Tarleton, Bretherton, Ecclestou, Euxton, Brindle, 
Whittle-le-Woods, Heapey, Duxbury, CoppuU, Mawdesley, and Rufford. 

South of the Ribble and west of the river Lostock, from Farrington 
to Croston, no section of the Middle Drift is seen, and as far as I am 
aware it has never been liored into; but there appears strong reason to 
believe that the Boulder Clay of the Hoole district belongs to the upper 
division, because it has every appearance of being continuously con- 
nected, without a break, with the undoubted Upper Boulder Clay of 
Chiirnock Moss to the north and Eccleston to the south; but at the 
same time it is certain that the Plook Clay rests directly upon rock 
(Keuper Marls) at several points in the River Douglas, and the Middle 
Drift and Lower Clay must therefore be absent; this is, however, often 
locally the case both in the Euxton and other districts, for in a quarry 
near Euxton undoubted Upper Boulder CHay is seen resting on the 
Lower Coal-measure Sandstone, which is glacially striated in a direc- 
tion (first observed by my colleague Mr. Tiddeman). 

West of the River Douglas there is a tract of Boulder Clay, ex- 
tending from Hesketh Bank to Sollom, being about three and a half 
miles in length, and a mile and a half in breadth at the former place and at 
Tarleton. There can be little doubt that this clay isaportionof the same 
bed us that occurring on the eastern bank of the river, and if the latter 
is true Upper Bnulder Clay this bed must be so also. This view is the 
more strengtheueil by the fact that the true Upper Boulder Clay seen at 
Freckleton Point, on the ninth side of the river Riljble, opposite Hesketh 
Bank, rests on red marl ^^iihout the inter\-eution of the IMiddie and 
Lower Drifts ; but in these Ioav tracts of country, including that between 
Sduthport and Liverpool, it is difficult to know whether a clay belongs 
to the lower or upper division, because when they Ijoth happen to be 
present divided by the Middle Drift, the) aie found to be i)reeis("ly 
similar in character, the Lower Clay only becoming distinct when higher 
elevations are reached. 

The surface of the country, composed of the Upper Bouldei' Clay, 
from the stilTness of the clay and the level nature of the ground is ex- 
tremely ^yci, requiring much drainage, and when uncultixated covered 
with rushes and rank grass and patches of marsh. 

Li Tun Brook, a little north of the margin of the sheet, a bed of sand 
occurs precisely similar to that in the Middle Drift, 10 feet in thickness, 
capped by 10 feet of boulder clay, 28 feet of which occurs between the 
sand and the Middle Drift beneath. Small scams of sand also sometimes 
occurs near the base of the Upper Boulder Clay, and when excavated 
under they are generally found to communicate with the surface of the 
iMiddle Drift below, apparently proving the still-water conditions under 
which this clay was formed ; at the same time the occasional occurrence 
of perfect shells CJ'iirritcUa terehra, Cardiicin idide, ('. cchinatuni, 
I'cUina Balthica), and the constant presence of fragments, as well as of 
olilique lamination caused by currents, that the sea in which it was 
dejwsited was of no very great depth. The surface of Middle Drift, on 
which the clay rests though often minutely eroded, as seen in Fig. 3S, is 
seniPtimes a peifeelly smooth and le\el surface as far as regards a small 
tpace. though in\ nriaiily dipping westward as a whole. Whether the Middle 
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Drii't was oleyated above the wca and an-.iin submerged in the LTj)|)ci' 
Boukler Clay period, it is difficult to suy, but it iippeias more probal)!e 
that the suvi'aco of tlic sand became here and tlicrc eroded, wlicn tlu'ou^h 
great prcoii)itation of sand the i-rcsl of the liank at certain points rose 
above the level of the sen, cauhiing it to cxperii-nce sub-aerial deuudation, 
wliicli furrowed and minutely eroded its surface, which had sufficiently 
liardened and consolidated to resist the action of the waves wlicn again 
submerged, and through alteration of the direction of tlio I'urrents, 
bearing sand, it was never again covered with this deposit. That some 
such sequence of e\euts took place is partly proved by the fact tliat in the 
midst of the ^Middle Drift wlien two beds are seen resting on each other. 
it is not uncommon to find the surface of the lower bed eroded, and 
liaving the appearance of being sub-aerially denuded, and also that in 
modern sand-banks, exposed at low tide, the sand is often worn into 
hollow concave channels by water, which flows into little streamlets from 
the crest of the ridge down to low-water mark, which hollows occasionally 
harden, and in a few instances become filled up with sand, often of a 
ditt'erent sized grain from the higlier part of the bank ; the surface of 
this is smoothed b}' the returning tide, which on retreating, deposits 
a thin pellicle of fresh sand over the whole, after which fresh streams of 
water again denude the surface into hollows. 
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a. Upper Boulder Cluy, I:iivil Indwn houlder clay 

h. Consolidated sand 
!■. Sand 

(/. Consolidated sand 
e. Large grained sand 
/. Consolidated sand 
y. Stiff brown clay - 
/(. Consolidated sand 



Sand 



h. Loain 



I Sand 



li. Loam 



71. Sand (to road-level) 



Section in <t Hand Pit at Tdin/^x Broic, Cluijloii-le- Woods 
(scale Sfect^l inch). 
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Seqi/riirc of Glacial Drjiosifs. — Two types of Clay with Boulders 
liave been sliown to occur below llio Middle Drift in this district; 
tbe one resembling the Upper Boulder Clay in general consistence, colour, 
and character of included fragments ; the other occurring at elevations 
of 300 or 400 feet, entirely differing from it and from the low level, Lower 
Boulder Clay. The lo\v4evel clay was deposited on an old plain of 
marine denudation, formed in the rocks in early or pre-glacial times, 
much of it being still .jO and even 70 feet below the present sea-l<-vcl. 
The deeper valleys above the old si^a-margin were occupied by large 
glaciers, which deposited the high-level Till, but which as the country 
«iil:isided and the eliuiate aiiielioralcd became, like the low-level clay,, 
covered with iVIiddle Drift. 
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CHAPTER IX. 
POST-GLACIAL DEPOSITS OF THE WESTERN PLAIN. 



High. Ja'vcI AUnvUim. 

The alluvial plain of the Ribble above Preston is fringed on either 
side by an inclined plane or terriicc, with the exception of those points 
where the enr-^es of the horse- shoe bends of the river have -vi'orn away 
the terrace and denuded the old clilf behind them, as at Red Scar and 
under Penwortham Church, and a little north of Mete House, in Fish- 
wick ; iu the northern end of this cUff, in the direction of Brockholes 
Bridge, the river is now denuding one of these inclined terraces into a 
cliff, which exhibits the followino- section : — 



I. 



((. Wet alluvial yellow sand 10 feet. 

h. G/'(7('(7, with small anil large pebbles 15 ,, 

c. Red marl, stiff " low " boulder clay (water level) 4 „ 



A little further north, 
following sections occur :- 



II. 



where a small brook crosses the wood, the 



'a. 
b. 
d. 
/■ 


Sand 

Gravel 

Peat and clay 

Boulder clay (water) 


ft. 

8 
13 

2 

t 

29 


III.- 


'6. Gravel 

r. Clay 
I (L Peat 

e. Gravel 
,/. Boulder clay (water) 


ft. 

6 
2 
1 
2 

10 



Still farther north the old bluff of Boulder Ciay is not only faced with the 
deposits given in Section III., but modern alluvium masks tiie secondary 
cliff, forming the face of the old alluvium, as sho^n in the following 
diagram. Fig. 39, and the alluvial sand is iu its turn cliffed, and masked 
by still more recent alluvium. 

Fig. 39. 




Diagram of Banhs of the Ribhle. in Jhfc ITovse JJ'ood. 



a. Eecent Alluvium. 

b. Sand. 

c. Gravel. 

d. Peaty Clay. 



('. Middle Drift Sand. 

/; Lower Boulder Clay. 

(/. Pebble Beds of Bunter Sandstone. 



Inclined terraces, similar to those of the Ribble, tilso occur, at the 
edo-e of the alluvium of the river Darwen ; between its junction with 
the Ribble and Roach Bridge the terrace rises to height of at least 30 
feet above the present water level, above Bannister Hall, at which point 
the river falls about 10 feet over the rocks of the l'el)ble-Beds, flowing for 
2 10 yards through a rocky gorge, formed by the retreat of the waterfall ; 
from the end of this rock gorge the river flows through one excavated 
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in ordinary alluvium, the ))anks being about 20 feet in height, but 
diminishing in height towards Walton, where another, though slighter, 
lock barrier exists ; from Ihis point to Walton Hall the rivei'has denuded 
away all the alluvium on the south bank, flowing against the Boidder 
Cilay rlifF at Alosncy Wood, but evinces a tendeiiey to retreat from it, 
which it does at AValton Hall, flowing aeiuss the alluvial plain to its 
junction witli Ribljle aboxc Preston. 

lliL;h-le\cl alluvium also occurs at Lostock above the river Lostock ; 
from Woodcock Hall to Pinfold House it is a sandy gravel, the pebbles 
ol' wliich liiive apparently been derived from the Boulder clay; a little 
east of Lostock Hall n small island of the High-level emerges from the 
ordinary alluvium. 

Terraces of High-level Alluvium also occur in patches in some of the 
brook valleys north of Preston, and a patch of sand at Golden Hill, near 
Leylaiid, \< possibly referable to this age. 

Sliirdlei/ Hill Sdiul. 

In the ' Description of (he Country between Liverpool and Suuth- 
porl,"* tlie Triassic hills westward of (Jrmskirk and Ilalsall WL-re 
described as lieing terminated liy an escai])ment, more or less cejvered 
with ( ilacial Drift, forming the margin ei' Ihe great peat-mo^s plain, 
whiidi plain occaipies the greater portion of the country south nf the 
Ivibble, in rpiartei- sheet 90 N.E., and extends from it nearly to the 
river Douglas (in the Preston quarter sheet), the patch of B<iulder 
clay on the left liauk extending from Hesketh Bank to Sollom, ali'eady 
described, further south, tlie clay consing with the island, so to speak, 
at Rufford Park; it dips under the allnvium of the river Douglas, and 
reap|)ears in C'roston J\[oss, on the oiiposite bank of the river, its east- 
ward extension being terminated by an escarpment of thin Upper 
Boulder Clay lying on the red sandstone of the Pebble Beds of the 
Bunter, running from Cro-^ton through jMoss Side and Back House to 
the Hall west of iMawdesiey. This short escarpment may lie considered 
as a prolongation (if that described abo\e as limiting the great peat- 
moss plain at Ilalsall; in fact, with llie exception of the break caused 
liy the valley of the Douglas (the rock bottom of which is below low- 
water mark), it is continuously conn(.>cted with if, the escarpment trending 
round from Scarisbrick, 1)y New Lane Railway S'tation (wdiere the clay 
is worked for brick.-.], St. John's to Newbiirgli (all in 89 S.W.), where it 
a|i|iroaclM-< that coming (lo>vn from the Hall, iMawdesley, to Lancaster 
Hoiis(\ Par]j(jld, where the t^vo escarpments are only about lialf a mile 
apiirt ; at this point tlie valley of the Douglas may be .said to commence, 
running to the south-east from this inland to A\'igan, for westward it 
runs almost without fall over plain to the sea, cutting its channel throuu-li 
ihe peat, which it has co\-ered with alluvium in llie neighbourhood ef 
its banks during floods. 

In the "Description of quarter sheet 90 S.E.," ali'eady alluded to, 
a line of ancient .'^and dunes is descrilied as occurring at the base of 
the escarpment, dividing thi' lower from the u|>])er plain in the former, 
as foj-miiig the substratum of the Cyclas C'lay and Pent, being the 
actual ]iotti.ini of the sea, niion the shores of whicli «ere blown up the 
sand dunes. 

The Boulder clay and Triassic rocks forming the country' between 
Oi'mslurlv and Li\erpool were also described as being co\-ered moic 

' Memoirs of the Geelo^ic:il Survey of lMif-:l;md and AVales, l^'..';planaliou of 
Quarter-.sheet 90 IS.l':, 
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or let-s with a, coaling of saiul blown ovec (lir comiliy from (he linr 
of ancient sand dnnes, the inosl, t^'pical of wliicii is Shirilloy Hill, iiftn- 
which the sand is naiiicd. In the I'lvston quailcr ^hcl.'t this sand is 
only found in the south-west corner, the ehiet imtcli beiii;;" neiiily two 
miles in length, extending iVom Holmes, in Tarleton, to Mere Side and 
Merc Windmill, in Kufibrd ; in the centre of this tract it rises so as to 
form a ridge or sandy cHti' running in a south-easterly direction, ]]r(i- 
bably facing Boulder clay, which ap])ears at the surliice at the hamlet of 
Holmes. 

C)n the northern portion of this ridge is Holmes Wood westward 
towards Martin Mere, the sand occupies the plain, sloping gradually 
from the ridge, until a little north of the main sluice it dips under the 
peat, which occupies the site of (he old lake Alartin Merc, to which 
the elifl' or ridge of Holmes Wood must have at one time formed the 
northern limit. 

A little north of the lioulder clay of Holmes, and teparaleil from it by 
a strip of peat, is another lioulder clay knoll, rising from under the 
peat, similarly to that of Kuftbrd Park, extending from the farm south 
of ":Moss Side" to the farm called Wignalls. Both this knoll, that of 
Holmes, and Hesketh Park, as well as that at Cla}' Brow and 
Tarlscoiigh, are covered on their western sides by thick deposits of 
the Shirdlev Hill Sand, which is also found at Black Moor, west of 
31awdesley, where the following section was observable in April 1869 : -- 



Fig. 40. 




Section in a. Sand Pit cast of Rtijford. 



II. I'inc-jraineil ytllov; s-ind. 

If. A^liy-gie)' saiKt. 
b'. Jiiokeu mixed sand. 



L. Scaui <jf oxide of iron, one inch 

tliick. 
c'. iSeam of o.xide of iron, four inclies 

tliick. 
(/. I'cat in masses, and in synclinal 

folds. 



Following the oearpiueiit of the Boulder Clay to Crostoii three sni;ill 
patches of sand are seen, the lirsl a little west of Back House, the second 
on the north side of Moss Farm, the third in the middle of (.'roston 
Moss. In quarter-sheet 89 S.W., u, continiiation of the peat-moss plain 
runs up the trumpet-shaped estmuy of the Douglas to the entrance of 
the true river-valley. Between the Boulder Clay of New Lane, St. 
John's, and Burscough, and the peat, a tract of Shirdley HUl vSand 
intervenes, extending from Tarlscougli to St. John's, occupying an area 
of nearly two S(piare miles, and eastward in Horscar Moss (north of 
the Southport and iManchester Kailway) four patches of the sand rise 
to the sand from the peat below. No sand crops to the surface in a 
southerly direction, on the cast bank of (he Uouglns, alter the patch 
at Black Moss, Mawdesley, the sand having been removed as far as 
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Parbold by the denudation of that rivev, which here and there in Wil- 
braliams and Low ]\Ieadows has formed a true fluviatile alluvium, that 
overlying the peat being chiefly estuarine or marine formed by tidal 
action, the spring tides at the present time still travelling further than 
the southern margin of map 89 N.W., to Wanes Blade Bridge in 89 S.W. 
No bed of sand or other deposit, corresponding to that of Shirdley 
Hill, occurs north of the Ribble either in the Preston or the Lytham 
districts, but the great peat-moss plain occurring in the Fylde district 
between Fleetwood and Lancaster I find to be often margined by a 
bed of shingle, with a little sand occurring at the edge of the Boulder 
Clay forming the boundary of the peat, and dipping in a seaward 
du'ection under the peat and the Grey Clay beneath. This shingle is 
particularly well seen at Presall (in map 91 S.W. ), where it is dug in a 
pit and used for mending the roads. In this pit I found fragments 
of hematite iron-ore, pebbles of Permian Breccia, and the following 
shells : — 

Cardii'iii ediih. I Nntica monilifera. 

„ echinatum, \ Turritella terehra. 

The first and last of the above moUugca also occur in the Shirdley 
Hill Sand ; and considering that both hold the same position relative to 
the great plain, since covered with peat, extending throughout the 
whole of western Lancashire, both being sUghtly above the sea level, 
and at an identical level in regard to each other, and both being older 
than the peat, I think that there can be little doubt that Shu-dley Hill 
Sand and the Presall shingle are of the same age ; a similar deposit to 
the laLler I have also examined at Eampside,* on the north side of 
Morecambe Bay. 

Lower Ci'CLAs and ,ScEt.)r,icrLARiA Clays. 

The grey lacustrine and estuarine clay.^ containing the shells Cyclns 
cornea and Scrobicularia piperata, underlying the peat of the plains 
between Southport ami Liverpool (90 N.E. and S.E.) also occurs under 
the peat which covers the area occupied by the whole of the south- 
western corner of the map, with the exception of the knolls of Boulder 
clay, which rise above the peat plain, as far east as the Douglas, described 
above. In l)oth tracts, or rather in the whole tract, the grey clays only 
occur on the western portion, thinning out to the easi, where the peat 
rests directly on the Shirdley Sand. Their eastern limits in the present 
quarter sheet extends fi-om the end of the lane N.'\\'. of Midge Hall to 
near the point where Long Ditch joins the great Martin Mere Sluice, 
thence turning to the north-west it lea\"es the sheet, where the first 
lane, north of the Sluice, enters map JK) N.E., in which sheet it dis- 
appears under the estuary of the Riblile at Crossens, reappearing on 
the opposite shore in L}tliam i\loss, the western part of which rests on 
Cycl.as Clay, the eastern on the Boulder Clay ; the termination of the 
moss northwards is made by undulating hills of Boulder Clay, which 
lerminate aliruptly at Blackpool in a line of clifl's, below Avhich peat 
or Lacustro-Estuarine Clays are never seen, but on the beach adjoining 
the peat tracts of Lytham and South Shore to the south, and Fleet- 
wood to the north these deposits are found between tide-marks, patches 
extending to the lowest low-water mark of spring tides. At South 
Sliore the Muff of Boulder Clay tcrminaling the peat plain runs into 

' I'rom this deposit -uveral spteies of shells liave been recorded by Miss Hodgson 
in the North Lonsdale Magazine. 
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the sea at tlie Royal Hotel. On the shore immediately below, to the 
south of this bluflf", in March 1869, I observed about six feet of peat 
resting on four feet of grey clay with many vegetable fibres of water 
plants and rushes, showing the limit of the Cyclas Clay in this part of 
Lancashire to be coincident with the limits of the peat phiin itself. 

. Indent Low-tcrel Flnriaiilc Alluvium. 

At the base of thi' ordinary low-level alluvium, both of the Kibble 
and its tributary brooks, there is a deposit of peat, with fallen liees and 
twigs, and occasionally traces of leaves and nut shell of Corylus avellana. 
This peaty seam invariably rests, both in the low-level Ribble alluvium 
and in that of the brooks, on a bed of grey freshwater clay, similai' 
to the " Lower Cyclaa Clay " underlying the peat in the plains, the 
clay itself generally resting on a seam of river gravel, with large stones, 
and occasionally on the Boulder Clay, which is always beneath the 
latter. 

A good section of the beds is exposed in the Ribble near Mete House, 
of which Fig. 41 is a section. 

Z%. 41. 




Eeddish loamy clay 12 feet. d. 

White earthy clay - 1 foot. e. 

Grey clay, with much /. 

vegetable matter, and g. 

young trees 4 feet. 

(Bothy, and g. are generally below the water-leTcl. ) 



Yellow sand 1 foot. 

Red ochreous gi-avel - 2 to 4 feet. 
Lower boulder clay to 3 feet. 

Sandstone (Pebble Bimter) - 1 foot. 



As these deposits eould not well be separated from the more modern 
alluvium resting upon them, I have described them with the recent 
alluvial deposits. 



Fcai. 

The great tract of peat lying in the south corner of the sheet ori 
either side of the i-iver Douglas has already been incidentally described 
in the account of the underlying " Lower Cyclas and Scrobicularia Clays," 
and Shirdley Hill Sand, the Douglas as having cut its channel through 
the peat, occasionally exposing the boulder clay beneath, the plain in 
which it occurs being part of that described as girdling Lancashire in 
the " Description of 90 S.E." 

If a line is drawn from Bonney Barn to Wignals (in Tarleton), all 
the peat north of it and south of the knoll of boulder clay (running from 
Hesketh Bank to SoUom) will rest upon the latter clay, the surface of 
which commences to rise from the lino towards the knoU. Thus the 
peat forming Hesketh and Tarleton mosses is .-i " slope peat," rising 
from 14 "4 feet above the Ordnance datum line, at Sugar Stubs, to 46 
feet at Boundary Meanygatf, nt a point halfway between its junction 
with Bottom's and Johnson's Mcunygatea (lanes). Still further to the 
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N.E. towards Beccnusall Wiiiduiill, the level of liir surface of the peat 
diminishes to oo feet, wliei'C it thins out on the Uoulder clay. 

The peat in this tract, and in fact in all the "slope peats" of the 
dislrict, though i-caching a thickness of 12 and even 16 feet, appears to 
have l)een nearly entirely formed of heath and small brushwood laid 
down in successi\e thin hiycrs, ■which can bo separated from each other 
like leaves of paper. The peat is much drier than that formed on the 
flat surface, and when perfectly free from moisture is a bright yellowish 
brown, while the "swamp peat" is invariably a very dark brown 
colour, and possesses from three to seven times the specific gravity of 
the heath or slope jieat. 

Another considerable tract of "slope peat" occurs around Midge 
Hall Station. It includes the tracts known as Farrington JMoss, Longtou 
Moss, Little Hoole iNIoss, Leyland Moss, and Great Moss, in all about five 
si|ua.re miles, the boundary of which was traced by my former colleague, 
Mr. Shelswell, who reports the average thickness as being 12 feet, and 
also the presence of oaks aird other trees lying at the bottom of the mos-. 
At one point north of White Houses (the second house from the east in 
the lane running north of the word "Londonderry" on the 1-inch 
map) I observed the base of a large oak tree (';( sit//, with its roots in 
the Boulder clay beneath, the colour of the surface of whicli here is 
changed from the usual red to a pale blue, ^vhich phenomena is gimerally 
found to be the ease elsewhere, when the peat rests on red clay. Hero 
and there, however, 1 found under this moss patches of pale grey (Great 
glacial) lacustrine, clay, formed in basin-shaped hollows in the Boulder 
clay. The average elevation of this moss is about 6.3 feet, but rises to a 
le\el of more than 100 feet at Farington Moss, where the peat is 
18 i'eet thick, fonuiug a dome-shaped mass, which is being gradually 
reduced by the peat being cut down to a certain level, and occasionally 
the peat is set on fire, >o as to reduce the height and prepare its surface 
for culti\-ation, the heathy peat above being too porous to admit it, the 
peat becoming denser at the bottom, but still containing a far greater 
proportion of heathy matter than would be found iu a swamp pit. 

North of these mosses the greater part of the parish of Penwortham 
is \ cry slightlj' undulating plain of Upper Boulder clay, with an average 
cle\ ation of 75 feet above 0. D. L. The peat mosses just described may 
bi' considered as resting upon and covering up the southward extension 
of this plain, and indeed they appear formerly to have extended north- 
\vards nearly to the margin of the Eibble valley, for nearly everywhere 
this pilain is covered with a thin coating of peat earth and plant growths 
hardly carbonized enough to be called peat, resting on the clay, in tlic 
hollows of which here and tlui'c, in one part of a field and not in 
another, scams of true peat, from two inches to four feet, are found to 
occur. The peat in this ti-act has been probably removed by cutting, 
by cultivation, and by natural denudation at a comparatively late date, 
as the local names testify to its presence, Charnock Moss, llnlion JJon/-, 
and Howick Tar// Bloor, &c. 

It is e\'ideiit that after the deposition of the iShirdley Sand an 
elevation took plaei\ and that from the flatness of the ground and 
probable ilislanre from the sea (for peat has been met with in boring 
at a depth of 60 feet below the present sea level), the deposition of 
lacustrine silt (Lower Cyelas t-lay 1 took place up to a certain limit west 
of the margin of tlic i)liiin, on the surface of which as well as on that 
of the sand further east the growth of an immense forest commenced, 
and that alter the tices liad ol)tuined a considerable size an obbtruction 
of drainage ensued, which e\eiitually caused the trunks to be covered 
with water to a depth of rather more than two feet, making them rotten 
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at tliat level, and thus causing them (hiriug- a heavy gale or hurricane 
from tho W.N.W. to bo all blown down in one direction with their 
heads E.N.E. and N.E., and to lie sido by side with their broken stocks. 
The fallen trees still more obstructing the drainage, the growth of peat 
ensued, reaching in some instances a thickness of nearly 30 feet ; during 
this growth the whole of tlu-se great plains would be covered by water, 
remnants of which have remained down to late historical periods in 
Martin JMere (in this sheet), and in Barton Mere, and tho White and 
the Black Otter in 90 S.E. 

Martin I\frrc. — The bank of Shirdley Hill sand at Holmes Wood haa 
been described as formerly constituting the northern limit of Martin 
Mere, which old lake was described by Leland as " the biggest meare in 
" Lancashire, iiii miles in length and ii in breadth," and in 1692 it had 
an area, before it was drained, of 3,000 acres ; in that year T. Fleetwood, 
Esq., of Bank Hall, began the great work of reclaiming it by cutting a 
sluice 2 1 feet in width from the sea through the salt marsh bordering 
the coast near Grossens (which at that early period was already 
embanked) through a thick deposit of peat for a mile and a half up to 
the margin of the lake ; tlie water gradually flowed away into the sea 
which before only escaped during floods into the river Douglas. 

This flood channel appears to have run between the Boulder Clay 
patches already described at Tarlscough and Euttbrd, following the lino 
of "Boundary Lane" of the 1-in. map, joining the Douglas at the 
point where a sort of nvm of alluvium juts out in the direction of 
Lathtim Windmill. In a small portion of the area occupied by the 
peat in the south-west corner of the sheet it is found to rest on the 
grey lacustrine " C'yelas C'lny," as in 90 S.E., but all around this tract 
(between the " M "" of Marli'n Mere and tho " L " of Longditeh) the peat 
rests directly on the Shirdley Mill Sand, lying directly on the Boulder 
Clay plain. 

To prevent the .sea entering the sluice at spring tides Mr. Fleetwood 
built flood gates which in 1755, five years after his lease expired, were 
thrown down by a high tide ; the sea rushing in these were again 
rebuilt, but the sluice was neglected, and in the winter of that year the 
site of the lake was again covered with water; but in 1781 Mr. T. 
Eceleston procured the assistance of Mr. Gilbert of Worslcy, who had 
worked for the Duke of Bridgewater, who oommenced operations in 
1 783 by making sea-gates * at the coast, " stop-gates " half a mile from it, 
and " flushing-gates" at the junction of the .sluice with the lake. In the 
following year these were so for successful that several acres were sown 
with corn, and Mr. Eceleston was voted a gold medal by the Society for 
the Encouragement of Arts, Manufactures, and Commerce, and when 
he died in 1809 an elaborate Latin inscription recorded hoAv he with 
immense pains had drained the great Martinesian lake; but unfortu- 
nately in 1813 the sea destroyed the two outer gates, which were 
replaced by cast-iron cylinders with valves instead of flood-gates, which 
though often choked have answered e\'er since ; but immense damage 
has since been done on several occasions through the sea breaking 
down the banks and flooding the country, most of which is ten feet 
below spring-tide high- water mark. 

When the water was first drained ofl^ the lake eight canoes were found, 
one of A\diich is now in the British Museum, cut out of a single tree. 
Some of them are stated by Leigh to have contained plates of iron. 
He also mentions the discovery of an elk's head 4 yards within marl, 
under the moss between Martin Mere and Meales, now North Meales, 



* Trans. Geol. Soe„ Vol. VII. 
30514. 
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the brow antlers being thicker than a man's arm, their beam two yards, 
and from tip to ti[> two 3'aids. This head probably belonged to the 
Cervus megaceros. He also yaj's that it has been stated * that trunks of 
birch, ash, oak, and pine trees were found in separate plots on drawing 
off the water of the Merc, as if they had been planted by man. 

Dr. Harrison, chaplaiu to Lord Cobham, in describing the course of 
the Lancashire rivers, nearly 300 years ago, said, " the Duglesse meeteth 
" also on the same side with Merton Mecre water, in which meere is an 
" island called Netherholme, besides others," the former no doubt the 
present Holmes Wood Hill, which would denote that the water covered 
the peat to the north of the hill as well as that to the south, and the 
channel from the Mere to the Douglas ran from here between the 
Boulder Clay knoll at EufFord Park and that of Sollom. This view is 
strengthened by the fact that a deposit of sand occurs on the peat in the 
tract extending from " Mere side" to the plantation west of the word 
" Ml re Sai/i/ii," but jDossibly there may have been a channel by the 
" Boundary Lane '' route also.f 

Recent Alluvium. 

Fhiviatile. — A deposit of peaty clay has been described as occurring at 
the base of the ordinary alluvium in the Ribble near Mete House; it is also 
seen on the south bank of the river from Walton Bridge or Penwortham 
Bridge, a little ; it is also occasionally seen on the north bank of the river 
between Mete House and Walton Bridge ; it is also seen in nearly all 
the sections in the south bank from that bridge to Penwortham, a little 
ea^^t of the tramroad. The following is the Si^qncnce of beds : — 

(1.) Loam 6 feet. 

Peat - - - 1 foot. 

Grey clay - - 3 feet. 

Gravel - 4 „ 

Red sandstone - 1 foot (above water). 

Further to the east towards the Darwen :^ 

(2.) Laminated sandy clay 4 feet. 

Peaty clay - 2 „ 

Gravel - - G „ 

West of Number 1 : — 

(3.) Laminated sand 3 feet. 

Yellow clay - - 4 „ 

Grey clay, with pebbles - 2 „ 

Peaty beds, with hazel nut? 1 „ 

Gravel - - - 3 „ 

At Penwortham Bridge four of laminated clay rest on six of sandy 
gravel, resting on two of pale grey clay, the base of which is not seen. 

Following the river to the north, the section near Mete House, Fig. 41, 
is seen, while a little further north three terraces occur, the highest 
ojiisisting of tlie high level alluvium, the lowest of sand, which thins in 
tho dirrction of Brookholes Bridge, on the south of wliich three feet of 



* History of Lauoashire. Oxford, 1700. 

+ In 1741 great quantities of bones of men and horses were found near the river 
Douglas, at Wigan, which are believed by some to have resulted from five battles 
fought by King Arthur, which the old historian {lli.sluria Briionum, auctore Nennio, 
Ixv, Ixvi,) described as having taken place, "super aliudtlumen, quod vocatur Duglas, 
" quod esl in regione Liniiis," which points to the whole disti-ict ociug named after 
" the lake," Martin Mere, on the borders of which, according to tradition, lived Sir 
Launcelot of the Lake, Knight of the Round Table. 
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sand on three of Lower Boulder Clay. On the north it thickens to 18 feet, 
below Lower Brockholes, still further the sand is covered with sandy clny, 
containing many large rounded stones resting on sand. Opposite Seed 
Houses the river bank consists of 16 'feet of yellowish alluvial clay. 
Still further north, near Higher Brockholes, 15 feet of clay is seen resting 
on five of Lower Boulder Clay, which has a shaly appearance. Between 
Red Scar and Elston Hall the clay is replaced by sand, about 15 feet of 
which is seen in the river bank for a couple of miles. Near the Hall 
about three feet of alluvial sami rests on 12 feet of gravel. In one place 
a basin-shaped mass of grey clay occurs, the surface of which is level with 
that of the gravel. On the opposite side of the river the banks of Bezza 
Brook near the foot bridge consists of four feet of alluvial sand on two of 
gravel, resting on two of blue sandy loam lying on the red sandstone 
of the lliddle Buuter. The south bank of the Eilible from Seed Houses 
to Charniej-s consists of a bank 20 feet high, the lower portion of which 
consists of red sandstone in place, dipping to the W.S.W., capped by 
gravel and loam, which may be said to belong to the first terrace of 
high-level allurium rather than to ordinary alluvium, as it is out of 
reach of the present flood level of the river. 

The alluvium of the Darweu generally consists of about 16 feet of 
sand, above which rises one and sometimes two terraces of high-level 
deposits. At Carver Bridge, Bannister Hall, six or seven different 
sands and gravels are seen wedging one into the other, the long axes 
pointing down the river. Near the base is a bed of thin stones much 
impregnated with iron, Laving at a little distance a resemblance to old 
copper money. At the base a seam of large stones occurs, from 
10 inches to 18. 

At Long Lane, near the coast, a strip of alluvium runs iu fi-om 
quarter-sheet 90 N.E. It consists of a grey claj', apparently formed 
rather under lacustrine than fluviatile conditions. It rests in part upon 
the peat and in part on the Boulder clay, the former having been 
denuded away. At Back Lane, N.E. of Guuiea Hall, it is five feet in 
thickness, resting on the Till. Farther east, in the same lane, it has 
thinned to two feet, resting on one foot of peat, which hes on the 
Boulder clay. A little beyond this point the grey clay thins out and 
seven feet of peat is seen resting on Lower Cyclas Clay, which deposit 
the preseut grey clay much resembles, having apparently been formed 
under lacustrine conditions. Still further west, beyond the margin of 
the sheet, it graduates into a marine clay, also resting on the peat, with 
Tellina Balthica and other shells. The sea is constantly making 
inroads over the whole of this lowlying tract, covering the peat with 
thick beds of marine silt, charged with Scrohicularia piperata, which 
cover a considerable area, and are therefore described separately as 
" Tidal Alluvium." 

Tidal and Estuariiie. — The estuary of the rixer Ribble occupies 
nearly ten square miles in this sheet, the whole of which, with the 
exception of the channels, being dry at low tide. From a little below 
Preston to Freckleton Point the river is confined between two high 
walls, about feet apart. From their termination the river channel 
runs nearly straight to Lythani, and is joined by that of the Douglas (also 
artificially confined, for the purposes of navigation) a little to the west of 
Freckleton Point. Sand_^is brought down by the river, and also from the 
south, by the tidal current at flow tide, and is accumulated everywhere 
except along the lines of the channels, which scour away that already 
precipitated, and prevent by their motion the deposition of that held in 
mechanical suspension. The channels being thus confined to the north 
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side of the estnnry, immense banks of sand occur on the southei-n side, 
tliat above stretchint;' in one continuons undulating plain from the coast 
at Hesketh Bank and Mutton Marsh to thi' Kibble channel at Hesketh 
I'-aiik. Fuvthc-v to the wesf, in the direction of the open sea, this 
rontinuous bank is split up into detached portions, divided by channel 
kept opon by tidal nuTGnts, the bottoms of wliich are never laid bare 
by the li)Wf'st spring tides. Tliosc sand banks together form a fan- 
shaped bar at 1 lie month of the Riljlile, between Lytham and Southport. 

Immense quanlities of sand and mnd are brought (lown by tlie R.il)blo 
from the 380 square miles of Cllacial Drift country drained by it and its 
triliutaric-, a part of which is carried out seawards. Returning with 
the tide the sand is deposited on the banks, the mud from its lightness 
falling last, forming a thin coat on the sand near the shore as the tide 
irredcs, while in the sand banks surrounded by water no mud is 
oliFer\alilo. The mud being at the surface of the water when the ebb 
takes place, a \\'cdge of water is removed bodily from the bottom, 
runnin,':- out seawards, carrying with il the principal part of the sand, 
while the more gradual rcli-eat of the surface allows time for the 
precipitation. This takes ])laee every spring tide, and to a less extent 
with CA'Ai ordinai'y high tide, an extremely thin leaf-like layer being 
thrown, which di|)s towards the sea, the whole forming a laminated 
tidal clay reaching a thickness of 12 and even 20 feet. It is found all 
along the coast, on banks of the estuary of the Ribble from the western 
edse of the map, north of 15ro\v Side House, to Penwortham, and from 
Freekleton Point to Did Chain House a large (lact of it o<.'eius, called 
Freckletoii jMarsh, bounded on the north by bluffs formed of tlic UjJjier 
IJouldei' Clay running by Newton, Clifton, Old and New Lea Hall. The 
whole of this marsh has been recently reclaimed up to the wall, on the 
north wall of the Riliblc i\a\ ij^ation Company-. In this tract the following 
section was obtained, by a boring of Ihe Preston Farming Conipaviy, for 
the journ.al of which and the analysis of the ^vatcr obtained, I have to 
thank Mr. ^^'. Ascroft, of I'l'estou : — 

Sand, with salt water - - - 24 feet. 

Clay - - 12 ,, 

Sand, salt water 4". „ 

Clay - - - ly' ., 

Sand, salt water 2-1 ,, 

Boulder clay - - - '•'l ,, 

Sand, fresh water - 1 „ 

Gravel, conglomerate - - - 4 ,, 

Sand - -J ,, 

ibavcl - . . . 1 ^^ 

(Jliiy (not penetrated, probaldy Keuper marls). 

The waler of this well, by the analysis of Mr. J. G. Cope, of Preston, 
conlained at first 40 grains of salts per gallon, but ijradnally became 
fi'eslier, the residue consisting of 

Bicarbonate of lime 40 per cent. 

Sulphate of magnesia " 10 ,, ,, 

( liloride of mai^nesia 15 ,, 

Sulphate of lime - - W „ 

„ of potassium - - !) „ 

Carbonate of potash and sodium 4 ,, 

( 'liloiide of potassium - ■* 4 ,, „ 
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Tracts linvciilso been loclaiincd oflliis laniiniilcd clay on (lie o)i]ii 
bank of llie river, north of Dnnldrk and Pipe Ilonses. 

At BoniKT Barn and Kydiiigs a jiatch of uiarsli clay luns a lidle 
inland, resting on two fcc^t of pea(, lying on Boulder clay, wliicli 
crops out on the shore for a little distance on eithei; side of the liani, 
dijjping seawards under the laniiualed marsh clay. A little wesfwaid 
it is capped by pebbly sand, and soon alter thins out along Ihc 
line of a cliannel which flows to the N.W. With (he excciition of a 
thin band of it oi)posite Brow Side House, resting on jieat and coNered 
with sea sand, which also conceals the seaward extension of (he peat, 
the latter also occurs on the shore to the eastward, opposite the lane Ijy 
Cottams House, and there is no doubt (hat it is continuously connected 
with that occurring on the shore of the opposite coast, west of Fiecklcton 
Point, and which runs up the three small valleys under (he tidal 
alluvium found in them, viz., west of the word "Bush," wes( of the 
word "Brow," and around the word "Brook Bridge "on the 1-inch 
map. In (he pea(, near low-wa(er mark, opposite Bush, sonic very 
large horns of red deer were found in 1868. A( Bonney Barn anil 
Heskedi i\larshes the clay is often overgrown to a considerable extent 
with tussock grass, thrift, Danish scurvy grass, and chrysanthcnmm, 
growing in little knolls, sepai-ated from each other by gutters which 
meander and ramify in different directions without having any direct 
outfall. ' 

The plant surfaces are occasionally swamped during high tides 
by marine silt, and somcdines by freshwater alluvium brought down by 
(he floods of the Douglas during the low tides of the sea ; and when 
examining an artiflciaJ section of these beds I Ibund it to consist of a 
succession of marine deposits (wi(h S<-robiciil(nia pyici-dta, evidently 
occupying the position in which they lived and died, ) of freshwater 
seams (with Limnccc), and plant-growths, sometimes in one order ol' 
sequence, sometimes in another. ()ceasionally (ho nuid seams (with 
Scrobicularia) contain more sand ; in that ciise (he shell Tctlina Balllnca 
is invariably very common, and the A-alves of (he Srrolucitlaria are 
detached and appear to have been transported. The clay is found to 
run up the Douglas as far as Rufford, the ordinary high tide still flowing 
nearly a mile beyond that place ; but in sections of the alluvium of this 
part of the river and in those of the Eibblc above Preston the marine 
seams are the exception, and the freshwater deposits form seven eighths 
of the mass. At Eufford I found in one seam several shells of Tellma 
Balthica and Cardium edule. Both of them occur in the Ribble 
alluvium opposite Old Lea Hall, and the latter shell in th.it of Fishwiek, 
above Preston, rather beyond the point to which tides now flow. The 
river Douglas receives the river Yarrow at a point opposite isoUom, and 
the latter liver the Lostock north of the word " Fisherty Bridge" of the 
1-inch map. The tide at springs flows up both these tributaries, the 
former to Little Wood and the latter to Crostoii Mill. This tract, 
especially Avest of Croston, is much subjected to floods, and the top of 
alluvium is essentially fluviatile, but tidal beds occur near the base. 
ISorth of the junction the laminated clay is very thin and rests on 
peat. 

All the alluvium between the western end of Longton is of a tidal 
character, running inland along the lines of the small brooks of Walnier 
Bridge, Tarra Carr Gutter, and that running between Longton and 
Hutton, the seaward alluvium of which is tidal, the landward flu\'iatile. 
Boulder clay occurs in two places at the bottom of the last-mentioned 
brook, and also under the Marsh Clay, near the end of (he embankment 
north of Old Grange, where three feet of it is visible, and a little further 
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is a low boulder olifF called Red Bank (Fig. 42), running as far as Farrer's 
Farm, wliere the alluvium again encroaches upon the land, in conse- 
quence of the Boulder Clay bluff trending inwards, running by Dungeon 
'Farm to Hangman's Rack AVuod, where a bed of rolled river gravel 
is seen capping the Pebble-licds at a level eight feet above that of the 
surface of the fluvio-marine alluvium, shown in Fig. 24. 

Fig. 42. 



Seclinii South of Red Bank. 

a, Ahivifll sand, 2 ft. b. Pebbles, 4 ins, ; sand, 3 ins., with Tellina Batthica. 

u. Boulder Clay, 4 ft. 

In the centre of this tract the marsh clay is well seen in the sluice 
which runs from Mill Brook, dividing thf parish of Howick from 
that of Hutton ; it is there about 12 feet in thickness, its surface being 
much intersected by narrow channels anil gutters, some of which have 
cut down nearly to the river le^ el at low tide, forming steep banks 
eight or nine feet deep, and often a yard to four feet across. A 
space bus been left in the wall where the sluice enters the river; the 
water enters here and connects itself with a channel, supplied by a 
sjiring, near the river-wall, about half a mile to the east ; on the strip of 
alluvium between the wall and the channel (about 120 feet wide) sand 
and river shingle is piled u)) during floods of the river to a height of 
eight feet above the wall, or 16 feet above the ordinary river level, 
which de]iosit has entirely taken place during the last few }ears, since 
the buildhii;- of the wall. 

This patch of shingle, with the exception of a few loose stones, off the 
Bonney Barn (derived from the Boulder Clay there), is the only example 
of stones or shingle being found on the coast between tlie Ribble and 
INlerscy, and there can be no doubt that these pebbles have been brought 
down by the Ribble, and have not been carried up by the tide. On the 
opposite side of the river the ease is precisely opjjosite, and from 
Freeklcton Point ^V(_'sLwards a zone of pebble-beach invariaUy occurs, 
spi'ing and ordinary high-tide marks, below which sand slopes to the 
water ; hen' and thei-e the peat has been denuded, and the underlying 
Boulder Clay crops to the stirfaci', itself having been denuded, and its 
pebbles and boulders scattered over the shore, many of them still con- 
nected at the bottom with the clay below ; this is well seen on the beach 
below the Boulder Clay cliff running eastwards from Bank House, in 
Warton, the clay forming a sort of bench or terrace at the foot of the 
cliff. A little west of this house the betich runs round a small inlet, 
formed by tlio mouth of a brook, which has cut a channel through it 
down to the Scrohifitlarin mud below, lying on the peat, which further 
west appears in iuree on the lieach towards Lytham, and will be hereafter 
ifescriljcd in the " Explanation of Geological Survey Map, sheet 90, 
N.E."* And in Freckleton, Lea, and Ashton Marsh the laminated 
clay rests on a peaty bed, which is tlir undoubted rejircsentative 



* Written 1870 ; Exp, 00 N.E. has been since published. 
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of the great sheet of peat of the Southport plains, so much of which 
overlies the lacustro-estuarine clay, which would appear to be the 
representative of the black silty sand found beneath the seam of peat 
underlying the laminated clay of Lea Marsh. At u point opposite the 
boundary brook (from Mill Brook) the following section is observable, 
the sand under the peat being nine feet in thickness : — 

feet. 

a. Laminated marsh clay - - ... 3 

b. Peaty clay, with trunks of oak trees - - - - 2 

c. Black loamy laminated sand dipping towards the river, apparently - U 

Further east the sand under the pent has become clay, with very 
little sand, the following being the section :— 

feet. 
0. Laminated clay - - . .3 

b. Peat - ■ . . 2 

t. Clay - . . 9 

Trunks of trees, chiefly of oaks, botli at the top of the peat and at the 
bottom ; the latter appear to have grown on the spot, while the former 
have evidently been brought down by floods. 

In Preston Marsh the following artificial section was seen : — , 

feet. 

a. Red sandy clay - - - - - 7 
a-. Grey „ „ - - 8 

b. Peaty clay - 1 

f. River gravel - - -2 

g. Lower Boulder Clay - 1 ( + ) 

A little further west the Lower Till is known to rest on the Buuter 
Pebble Beds. 

Upon the opposite bank of the river in Penwortham Marsli, east of 
the beh of shingle, already described, the following sections occur : — 

a. Laminated sand - 4 feet. 

9. Lower Boulder Clay 12 „ 

'h. Pebble beds ( + ) 2 „ ( + )* 

Further to the east : — 

it. Laminated saud - - - 1 foot. 

y. Lower Boulder Clay - - - 10 feet. 

Further east, opposite Marsh End : — 

Alluvial clay - - - 2 feet. 

Lower Boulder Clay - ■ 8 „ 

Pebble beds - ( + ) 2 ,. (+) 

Westward of this the alluvial beds are described under the head oi 
ordinary alluvium ; the succession is the same, but the tidal conditions 
cease by degrees, until the whole series becomes fluviatile. 

Associated with pebbles, on the beach opposite Bonhey Barn, before 
referred to, I observed in 1869, a considerable quantity of iron pyrites, 
precisely resembhng that found in the Blue Lias of Dorsetshire. It is 
certain that the Keuper marls underlying tlie estuaiy of the Ribble must 
be extremely high in the series, and it is within the limits of possibility 
that the base of the Lias occurs there from which the pyrites may have 

* In all the above sections the same lettering is used, to facilitate comparison ; 
( + ) before a number signifies that it is beloiT the usual -water level ; ( + ) after a 
number that the base is not seen. 
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fo\iii(l its way into tin; Boulder Clay, from wliicli it lias been waslied 
but on to the present beacli. 

Sequence of Post- Ghicifii JJeixmi/s. — The Shirdley Hill Sand has been 
shown to be a marine deposit, covering the planis up to a k-A'el of 
30 feet, above which it occurs as "blown sand" in a line of old sand- 
dunes, masking an earlier cliif, the sand resting on a thin deposit of 
peat, both in the plain and under the dunes. It is therefore clear that 
the plain Avas formed by the sen, as fnr as IIjc old cliff, befoi'c the 
deposition of the sand, an interval long enough for a thin growth of 
peat to have ensued having eliqjscd between the i-etreat and re-sub- 
mergence. Two deposits are commonly fouml to rest upon the sand in the 
plain, viz,., the Lower C yclas and Scrobicnlaria Clays ami the main peat. 

Following the plain to the nortli, the peat was seen to be covered 
hy tidal alluvium, which, in the entrance to Die valli/y of the Kibble, 
overlies a thin deposit of peat, with fallen tries lying on silty clay, 
while further up the valley the tidal is rei'laci'd by Huviatilc alluvium, 
peaty silt with trees invariably occuiring at the base, the silt lying on 
a thin bed of gravel. 

Still higher up the valley the low-level alluvium was seen to rest 
against an ancient clitl' of old high-le\el alluvium, consisting of sand, 
gravel, pi^at, and clay, and occasionally gravel. It is clear that as 
the peat is of the same age as the bas(; of the low-level alluvium, that 
the high-level alluvium must, like the Shirdley Hill Sand, be of older 
age than the main peat, and that it was formed by a ri^ci', after a 
period of obstruction of drainage, during which peat was formed in the 
bottom of the valley. It is therefore probable that both the thin 
peat deposit at the base of the Shirdley Hill Sand, and the high- 
level alluvium, were formed at the same time, and that the ri\er that 
brought down the sand and giavel found abo-se that of the latter flowed 
into the sea, on the margin of which the Shirdley Hill Sand ^vas thrown 
up, and the shingle banks of Presall (near Morecambe Ija}) were deposited. 
The sea during this period ^-ould appear to have stood about 15 feet 
higher than at present, which would prc\ent the Eibble cutting down 
its bed by that amount ,: and we find the top of this old alluvium in the 
valley of that river, about a mile beyond the point to which the highest 
spring tides now flow, to be about 36 feet above high-water level, which 
is nearly in proportion with the level of the recent alluvium, in regard 
to the existing sea-level. The land ap[iears then to have risen, giving 
scope to fresh fluviatile denudation, represented bj- a bed of gravel found 
at the base of the low-level alluviums of rivers and brooks, after which 
an obstruction of drainage took place, trees were killed, and thick beds 
of peat overspread both the plains and the bottoms of all (ho great 
valleys. — C. E, E. 

Agricultural. — In the extensive tract of peat-land, around Rufford, 
Croston, and Hesketh-Bank, and in the peat-covered slopes of Hutton, 
Horwick, and Lington, between the Douglas and Eibble, very large 
quantities of potatoes are raised, as well as some grain. 

In the slightly undulating plains of Boulder Clay, forming an inter- 
mediate belt of country between the East Lancashire Fells and the peat 
mosses of the sea coast, the greater number of fields aie laid down as 
permanent pasture, but a very largo area produces grain crops, especially 
between Garstang and Preston, and around Kirkham, the area being a 
portion of the district known as the " Fylde of Lancashire." — C. E. E. 



169 
nUAPTEE, X, 



RELATIVE AGES OF THE PEXULE AND PENINE CHAINS 

OF HIELS. 

The I't'iidlo l\aiij;c oC hills, luiilei'hlandiiig by that term the long line 
of parallel ridges aiul a alleys wliicli wlirtches from I'arbokl Hill to C'olue, 
and which cuiminafes in Pcndle Hill, has hilherlo been consideied a^^ 
nothing more than an offshoot of the Peninc Chain, the name by -which 
Conybeare and Phillips designated the mountainons ti'act extending 
from Derbj'shire to llie borders of Senlland.* In one sense indeed it 
is an oft'shoot, that is to sa}', as it appears upon a map, unto a casual 
observer ; but when we come to examine the physical history oi' the 
two ranges, to compare the directions of the elevatory forces which 
ga\e them birth, and their relations to the Permian and Triassie forma- 
tions where they come in contact with them, we lind that such a view 
is a most superlicial one, and will not stand the test of examination. 

The Pendle Range, in fact, proves on examination to be a series of 
elevations, a miniature mountain chain, distinct both in age and direc- 
tion from the Penine. It is really older, and had been upliraved in a 
series of parallel foldings when as yet the Penine chain lay in the lap 
of futurity ; for it is easy to show that the age of the upheaval of the 
Pendle Range is post-Carboniferous, and that of the Penine Chain, by 
a less direct but nearly conclusive lino of reasoning, post-Permian. In 
other Avords, the former range represents that period of disturbance and 
denudation which ensued upon the close of the Carboniferous and 
before the Permian period, and the latter the peiiod of disturbance and 
denudation which marks the termination of the Permian age and 
Palreozoic epoch. As regards the relati\ e directions of the lines of 
elevation, it will, be apparent, even from the study of the district 
described in this memoir, that they are altogether different; that of the 
Pendle Range lying in an E.N.E. direction, that of the Penine in a 
direction nearly due north and south along the line of " the great anti- 
clinal fault," already described (page 88). As the question is a theo- 
retical one, and such as I am precluded from entering upon here, I must 
content myself with referring the reader to my paper '" On the relative 
" ages of the principal Physical Features of Lancashire and the adjoining 
" parts of Yorkshire," in which be Avill find the subject fully disenssed.| 
— E. H. 

Faults, aixl Lie nf the Roeks, in. the Triassie Plain. 

The area within the Preston quarter-sheet geologically divides itself 
into three distinct tracts, di^^ided from each other by two great faults, a 
central portion consisting of a trough of Bunter Sandstone, (2) an 
eastern, composed of Carboniferous and Permian rocks, and (3) u, 
western, occupied by Keuper marl. Both these faults are downthrows 
to the west, and both appear to be of later date than the deposition of 
the Keuper marls ; that to the west is a prolongation in a northerly 
direction of the Scarisbriek Fault, which I described in a previous 
memoir. It runs by Tarleton, Bretherton, Much Hool, and Longton, 
to near the " Saddle Inn," north of Lea Road Station, where it is be- 
lieved to leave the margin of the maji, and to I'un in a north-north- 



* From the Eoman name which appears to have been applied to it, " Alpes I'eiiini." 
'■ Outlines of the Geology of England and Wales," p. 3C5, (1822.) 
f Quart. Journ. Geol. Soc,, vol. 24, p. 323. 
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westerly direction towards a point near Garstang Church in 91 S.E. 
From tho Saddle Inn, southwards, to Longton, it throws the Keuper 
marls against the Pebble Beds, while further south, as in the Scarisbrick 
district (90 S-E. and 89 S.W.), it throws them against the Upper 
Mottled Sandstone. In the latter district a well was made some years 
ago, at Scarisbrick Hall, which failed in obtaining water, no beds cor- 
responding to the Waterstones having apparently been reached. In 
endeavouring to estimate the throw of the Scarisbrick Fault, it becomes 
an interesting question whether the beds met with in this well, of which 
Mr. Binney gives the following section,* were Triaseic beds at all, the 
more so, that in the deep well at Fleetwood, which was also unsuc- 
cessful, the grit met with under the Keuper marls was without the 
usual water-bearing marl : — 

Soil 

Brown sand 

Brown day 

Variegated marl 

White grit pebble - 

A'ariegated marl 

Blue loam - - - 

Blue grit list (flagstone ?) 

Brown strong rock list 

Limestone list and Kmestone shale 

Brown flint kernel (chert?) 

Blue grit list 

Brown open grit - 

Blue shale - 

Brown flint (chert ?) pebble 

Blue shale - 



But though the top bed of the Lower Keuper Sandstone, in the 
adjoining district, is a soft thin-bedded fine-grained sandstone alterna- 
ting with bands of purple marls, yet further to the south it consists of 
an extremely hard yellowish compact sandstone with many rounded 
quartz pebbles, at Waterloo and Orrell almost forming a conglomerate 
similar to that invariably found at the base of the Keuper Sandstone, 
and it is not impossible that this hard grit bed may be that occurring 
at the Scarisbrick and Fleetwood well-borings. 

Between the former place and the Carboniferous rocks to the east at 
Bispham and Newborough occur two faults (the Scarisbrick and the 
Euxton or boundary fault), both of which are downthrows to the west, 
the first being between the Bed Marls and the Upper Mottled Sandstone, 
and the second between the latter and the Lower Coal-measures and 
Millstone Grit, forming the westerly margin of the Lancashire coal- 
field as far as the river Eibble, to Alston Hall, Skillaw Clough, Euxton, 
and at Roach Bridge cuts off the westeily extension of the Permian, 
which lies indiscriminately upon the denuded edges of various Carbo- 
niferous beds, one small outlier having been observed as far east as 
Hoghton, by Mr. Eccles, F.G.S., during the constraction of the railway. 
It would appear that the Carboniferous deposits as a whole had received 
their south-easterly dip and suffered extensive denudation from the 
west and south-west before the deposition of the Permian strata, and 
that the faults with westerly downthrows running in a N.N.E. direction 
across this district not only came into existence after the Permian 
era, but long after the deposition of the Keuper Red Marls. 

* Mem. Lit, Phil, See. Man., 2nd series, vol. xii,, p. 250. 
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In regard to the Carboniferous strata which may underlie the Triassic 
country lying between Fleetwood and Ormskirk, it is probable that the 
beds which were there denuded before the Permian era must have 
belonged to the Millstone Grit, if not to the Yoredale series, for at 
several points patches of the former still form the surface of the 
country between the Lower Coal-measures and the coal-field boundary 
fault, which fault would have the effect of throwing the adjoining and 
slightly older grits to a lower level, though not of course to a depth corres- 
ponding to the thickness of all the formations between the Upper Mottled 
Sandstone and the Though Rock, but only between the former and the 
Permian, which is probably thin, having been itself denuded before the 
deposit of the Lower Bunter Sandstones. Similarly the amount of 
the downthrow of the Scarisbrick fault, as affecting the hidden Lower 
Carboniferous rocks beneath the Trias, is probably at the most only 
the thickness of the beds between the top of the Red Marls and the 
bottom of the Upper Mottled Sandstone, supposing the latter to be 
present, and the beds between it and the bottom of the Red Marls. 

Estimating the thickness of the Trias and Permian beds as follows : — 

Keuper marls - - - 1,500 feet. 

„ sandstone . . . , . 400 

Upper mottled sandstone - - 600 

Pebble beds ...... 800 

Lower mottled sandstone - - 100 

Permian - - - - - 100 

the downthrow to the west of the coal-field boundary fault will be (estimat- 
ing the Upper Mottled Sandstone at 50 feet), about 350 yards, that of the 
Scarisbrick fault about 716 yards. Supposing the Lower Bunter and 
Permian beds to be present, the Carboniferous beds would be 350 yards 
further from the surface than if they wei'e absent. In this case the 
Carboniferous would be higher in the series than in the former ; but 
even if this tract stood higher than the adjoining country to the east, 
the extent of old denudation would strongly militate against (he beds 
being sufficiently high to contain Coal-measures, nor does the described 
character of the Scarisbrick beds beneath the Keuper Marls strengthen 
such a view, as they appear to have a Lower Carlxmiferous facies. 

The amount of westerly downthrow of the Euxton boundary fault 
appears to diminish northwards, as it is probably less at Roach Bridge, 
where the Permian has the same general dip as the Pebble Beds, than 
at Euxton and the country to the south towards Skillaw Glough. In 
the district north of Preston, between Garstang Junction and Gai-stang 
town, a new section has been recently exposed in the consti'uction of 
the new railway to Knot End, Fleetwood, in which a considerable 
thickness of soft red current-bedded sandstone of Permian is seen, dipping 
to the west and noi th-west ; and several other sections occur to the 
north, towards Morecambe Bay, and I also obser^'ed the red sandstone 
Permian rock cropping beneath the sands of that bay some distance 
from the coast. — C. E. R. 



CHAPTER XL 



IGNEOUS ROCKS. 

Trap Dykes. 

All the rocks about which we have hitherto treated are sedimentary. 
The igneous rocks in this district are but poorly represented, indeed 
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they were not known to exiHt before the survey commenced its invebli- 
gations here. 

In the summer of 1864 1 fomicl a dyke of dolerite, auiygdaloidal at 
the edges, crowsiiiij,- two brooks above Caton near Lancaster. The black 
Carboniferous slialcs, ii iissnre in which it iiUed up, seemed to be hardened 
to some extent, but not otherwi'^e much altered, for fossils in good pre- 
servation were found within two inches of the greenstone. I must defer 
a full description of this for a future memoir on that district. Mean- 
Avhile I may refer anyone seelciiig further information to a paper read 
by my friend, Mr. James Eccles, F.G.S., to the Manchester Geological 
Society in 1869, and published in their proceedings.'"'^ 

I found another in the district now being described, three-quarters of 
a mile N. by W. from Grindieton, just where Grindleton Brook is 
crossed by the lane to Newkm. Below the bridge is a small waterfall 
called Calf Lumb. This is formed by the dylve, which consists of dole- 
rite. It is 10 feet iu width, and might perhaps be profitably worked for 
road metal, or for stone "sets." It crosses the stream in a direction 
W. 26 N. ; the rocks aie much disturbed and contorted all about thei'C, 
but there did not uppear, so far as I could see, any shift of the beds 
along the fissure. It is only visible iu the stream and on its banks, and 
cannot be (raced in either dii'ection. 

Mr. Eccles and I found on a rubbish heap at the Whitewell Lead 
Minef a fj'agment of basalt. The miners do not seem to be aware of 
having come across any such rock in their excar\'ations. It is note- 
worthy that this locality is nearly in a straight line between the two 
dykes already mentioned, and not far out of the direction in which they 
appear to strike. 

I found a fragment of dolerite on the surface neai' ^\'lli(e Hill Ho, 
2 miles N.W. of Tosside Chapel. It was too angular and unworn to 
have been an erratic, and it is very probable that there may be a dyke 
in that neighbourhood. 

In a little brook near the village of Inj^lewhite, north of Preston, I 
saw what appeared to be a dyke, but there was too much water at the 
time of my visit for me to examine it carefully and come to a definite 
conclusion on the subject. 

These are all the localities in Lancashire, east of the Sands, where I 
have as yet met witli any traces of igneous action. 

These W.N.Wly. dykes are probably of the same age as those of 
Scotland, considered by Prof. Archibald Geikie to be of the Miocene 
period, being similar both in direction and composition. If so, they are 
newer than any other formations in the North of England, except the 
superficial drifts. — E. H. T. 



CHAPTER XII. 



MINERALS, METAL-MINES, &c. 

Minerals. — Although traces of several metallic ores occur in the 
district of Blackburn and Burnley, they are not found in sufficient 
quantity for profitable v\'orking. Barytes is not unfrequently to be 
found in veins and fissures of the Millstone Grits, and amongst other 
localities the following may be mentioned : — Lend Mine Clough, on 
Blackstone Edge Moor ; amongst rocks at Little Hoar Edge ; quarry on 
the eastern side of Counting Hill ; quarry on Billington Moor near 

* On Two Dykes recently found in North Lancasldre. Trans, ilan, Geol. Soc, 
vol. ix. (No. 1), pp. 26-8. 
■f or Brennand Mine. 
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Whalley ; quarry at Stopping Hey near Ribchester Station ; old Lead 
Mines on Anglezark Moor near Chovley. 

Lead was formerly worked at several spots on Aiiglezark Moor. 
None of the pits appear to have been deep or the workings extensive. 
The principal mine oceurs near the banks of the stream above Alance 
Bridge, near the largo north and south fault. Mr. Standish of Dnxbury 
Hall showed me some good specimens of galena from this mine. 
Another spot on which lead was worked occurs on the moors above 
High Bulloch. In the stnft' thrown out from tlic, old workings I found 
tra'jcs of galena, barytes, copijer pyrites, and probably carbonate of lead. 
Several old mining heaps and traces of adits may be found along the 
dell of Grange Water, and one of the lodes which is in the line of a fault 
may be observed below Coppice Stile House.*" 

The most productive lode in the district seems to have been that 
which corresponds with the Thieveley fault already described (p. 85.) 

The clay-ironslones of the Coal-measures are generally poor Ijolli in 
thickness and quality. The best beds of this mineral I have seen are 
unquestionably those in the Millstone Grit shales below Salmesburj- in 
the river Darwen. — E. H. 

Lead Mines of the Rihhle Valley. 

A memoir on the Geology of this district would hardly be complete 
without some mention of the lead mines ol' Skeleron, or Skelhorn, near 
Rimington. They Avcre much worked in the reign of Queen Elizabeth 
by William Pudsay, Lord of Bolton-in-Bowland, who is said to have 
extracted silver from the lead which ho ol)lained here at the rate of 
26 lbs. per ton.'f There arc at least six distinct \ eins shown by the old 
workings. One runs N. 10 E., the remainder range between IS'. 10 \V. 
and W. 35 N., and to speak in general terms are ]);nallBl to a great 
fault with a north-westerly directiftu, a little west of Stopper Lane, 
towards and beyond Rimington. Of this I shall speak again. Another 
vein containing lead and barj'ta lies on the S.W. side of the brook, and 
has a S.S.E. trend. These veins contain argentiferou-^ galena, calamine, 
sulphate of baryta, carbonate of lime, and other minerals. Some of the 
limestones have that crystalline condition and brown colour wliicli con- 
stitute what is called Dun Limestone. The oldest workings were not 
conducted by le\el, but entirely by shafts sunk from the surface. 

.\n attempt to re-open these mines was made about 40 years ago. A 
level was carried up from the beck by the side of the old smelting house, 
about 380 yards to the N.E. towards Stopper Lane, but I believe with- 
out very great success. Still later, about 1867-8, a shaft was sunk in a 
field east of Stopper Lane, with the expectation of reaching the lode, but 
it w.as begun too far to the east, and ran entirely through micaceous 
clayey shale on the other side of the fault. 

Mention has already been made of the fault running to the N.W., 
which would in mining phraseology be the lode in connection with these 
veins. It is intei'csting to see along nearly its whole length how it is 
associated with indications of mineral deposits. In the fault itself, where 

* The mines on Anglezark Moor are mentioned in Conjbeare and Phillips " Out- 
" lines of Geology of England and Wales," as copper mines producing carbonate of 
barytes; but though copper does occur in homoeopathic quantities, lead and barytes 
vrere the chief minerals extracted. 

j- In "Ballads founded on Craven Legends" is the following note ; "Webster 
" (Johannes Hyphantes), in his Metallographia, says, that the Pudsay shillings were 
" marked with an escallop, which was the Mint-mark of 1584-6, and adds that the lead 
■' ore in Skelhorn contains silver after the rate of 26 lbs. per ton," 
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it crosses the little brook coming down from Lower Gills, I found some 
little specks of galena and iron jiyrites. Then we come further N.W. 
to the rich deposits at Skeleron on both sides of Ings Beck. Further 
down that beck, half a mile S.W. of the fault, is a baryta mine, the vein 
of which runs N. 43 W. On the left of the high road from Sawley to 
Gisburu, near Sawley <t range, is a limestone quarry, and in it a lead vein 
may be seen. It contains regular octohedral crystals (the less common 
form) of galena, several of which I obtained very perfect. Its direction 
is N. 10 W., audit appears to be running towards the fault which lies, as 
well as one may judge, nljnnt 200 yards N.E. of the quarry. 

Wc next see the fault crossing the Rilible below the archery ground, 
at Bolton Hall, by I'.riei-y Bank Wood ; it there contains a deposit of 
iron pyrites. 

The fault is not seen again for two miles or more, the valley and its 
sides being covered up by superficial deposits, but sevfral attempts at 
mining have been made along the west side of the Bolton Valley by Fat 
Hill, below Higher Heights, and in other places. We find a fault which 
is probably the same, but with a reversed throw ( the downthrow being 
to (he N.E. instead of to the S.W.) in Holden Clough at the Waterfall. 
Hard by are the Victoria Lead Mine.';. Three drifts or levels have been 
carried from the brook along veins in a S.Ely, direction. The nearest 
to the Waterfall was driven for 90 yards before coming to the fault, and 
then 20 yards along it, and I believe no lead worth speaking of was 
found in it. The next two were carried along through a bed of encri- 
nital limestone 1 ft. 6 in. to 2 ft. thick, and lead Avas found along the 
cheeks of this limestone, but not in great abundance. The lead died 
out immediately on coming to the shale above and below, as is generally 
the case. Had this limestone been thicker, no doubt a better return 
would have accrued to the labour expended. But the surfaces for the 
deposit of lead being already very narrow, a maximum of about two feet, 
they were still further curtailed b/ there being a small fault along the 
middle of the vein, which shifted the beds a few inches, and threw lime- 
stone against shale above and below. On examining the brook section 
I found that this same encrinital limestone occurred higher up Fell 
Brook, but on the other side of the fault, and that the thick limestone 
which forms the Waterfall lies below it by about 60 or 70 feet. This is 
about the depth that the mine would have to be sunk on the vein to 
come to a thick limestone which might, but would not necessarily, 
contain a larger store of the metal. The encrinital limestone may be 
seen, as mentioned, higher up, at a southern curve of Fell Brook ; a 
small lead vein crosses it running S.S.E. A miner extracted 2 or 3 cwt. 
of lead from it here. 

St. Hubert Vein. — Four or five years ago a lead vein, was found cross- 
ing Far Field Brook, east of Harrop Fold. It was found on the west side, 
and a drift was carried along it on the opposite ba.nk. It ran for about 
50 fathoms from the brook in a direction E. 15 S., then turned at an 
angle to E. 40 S., a course which, with minor undulations, it held for 
68 fathoms furthei", which was the extent of the workings at the time 
of my visit. I believe they have since been stopped. This vein was 
high up in the Bowland shales, and not very productive. The next 
hard rocks beneath it are the sandstones of the Lower Yoredale 
Grit. If we take 7° as the lowest average of dip from the top of 
those beds, where the brook cro.sses Smalden Lane to the mine, we And 
that there is probably a thickness of 250 feet of these shales below the 
mine to these sandstones, and then it is by no means certain that the 
vein would bear ore. 

Two veins were worked many years ago below the AVaterfall in a 
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brook running down from Harris's Latlie, near Roddel Chapel. I was 
unable to procure much information about tliom. They were in rocks 
close under the Lower Yoredalo Cii-it, and therefore the bearing beds 
were probably the same as those at the Victoria Mine, Holden Clough. 

At Lane-side, a fiirm N.N.W. of (rrindleton, some large nuggets of lead 
ore were found in draining, on the left bank of the brook, a few years 
ago. A trench was cut with a view to finding the vein from wliich 
they had come, but to my mind not in the direction most likely to give 
that result. Considering the disturbed condition of the rocks here, and 
the dyke hard by, in connection with the probable existence of a trap 
dyke at the Brennand Mine along the same line of country {see p. 172), 
I think it very likely that a search properly conducted might bring to 
light a good vein. 

Fifty yards west of the fault, which brings down the Permian Saud- 
stones against the Limestone below Waddow Hall, in the bed of the 
stream, may be seen a small vein containing galena, and " heavy spar." 
It lies in the Permian Sandstone, and is of interest as occurring in rock 
of Post-Carboniferous age. A man, by name Furness, many years ago 
drove a level along it from the north bank of the river in sandstone all 
the way. 

It is a matter for consideration whether it might not be worth while 
to sink a shaft on the ^■ein through the sandstone to the underlying 
limestones and shales, which are probably not far below; but no doubt 
the difficulty of keeping out the water is an important element in the 
problem. 

South of Nick of Pendle a fault crosses the Pendle Range Avith a 
W.N.Wly. direction from Sabdeu to Audley Reservoir. At the top of 
the ridge above Parsley Barn, and about 500 yards from the Nick, are 
some rubbish -heaps, the old workings of a lead vein. Apparently the 
vein is parallel to the fault, about "\V. 20 N. From all accounts the vein 
was not a rich one. 

A mile and a quarter south of Gisburn, east of the road to Colne, a 
vein of lead-ore has been worked at some time below Todber Nursery, 
From the old workings it seems that the vein ran N. 40 W. for 50 yards, 
and then W.N.W. for 130 more, down to the stream. I was unable to 
obtain any information about it. It probably has some connection witli 
the Great Barnoldswick Fault.^R. H. T. 

For other notices of minerals, see pp. 29, 32, 47-51. — W. G. 

Fire-clays, SiC. 

Clay for fire-bricks and pottery is worked at Darwen in the Cliviger 
Valley, in Dulesgate, at Litlleborough, and at Cherry Tree and Great 
Harwood near Blackburn. — E. H. 

Fire-clays are also largely worked at the Townley Collieries, Burnley, 
where they are manufactured into drain, water, and sewer-pipes, as well 
as into fire-bricks for lining furnace floors. The clay, which is the under- 
clay of the mountain mines, is full of ferns, and other vegetable matter ; 
is brought out to the surface and left to temper in the air and rain some 
time before it is used ; that which is required for specially resisting great 
heat is burnt before being placed in the pug-mill. 

Clays associated with coals on a similar horizon, were until lately 
Avorked at Charnock Richard, near Coppul, west of Chorley. Fire-clay 
is raised to the surface by an incline shaft at Eller Beck, near Adling- 
ton ; and at Brinscall, on the Chorley and Blackburn Railway, a bed 
five feet thick is worked. — C. E. R. 



APPENDIX I. 



The accompanying list of Fossils has been j^repared in the Patjeontological Department 
from collections made in the field by Mr. Tiddeman whilst surveying jiortions of the area 
embraced in this Memoir. The Geological Survey is much indebted to Mr. James Eccles 
for the use of his fine collection of Carboniferous Fossils, from which to catalogue the names 
of species collected in the same area, without which the list would have been very 
incomplete. 

I have also made extensive use of those species named by Prof. J. Phillips, in his " Geology 
of Yorkshire," where the localities coincided. 

These three sources combined have enabled me to construct the following Zoological 
Table of the Fauna occurring in the district. 

B. Etheridge. 
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Iilat,'s 
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+ 
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WCw. 
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33. „ coiliciis - 


Phil. - 
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Ph,l. - 
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Pl,,l. - 




+ 


+ 


























36. „ ornatlls - 
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Cakbohiieeous Limestone. 
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UP:OLO(iY OF 'rilE BURKLEY COALFIELD, ETC. 



Species. 



Procluctus mesolobus - - Phil. - 

„ mar^iitaceus ? Phil. - 

„ muricatus - Phil. - 

„ puiictatus - Mart. - 

„ pustulosus I - Phil. - 

„ semireticulatus Mart. - 

,, scabriculus, - Mmt. - 

„ spiuulosus - Sliy. - 

„ striatus Fisch. - 

„ sub] se vis K<ni. 

„ iindatus l''?f. - 

Hetzia radialia - - Phil. - 

Rbynchonella acuminata - - ;;\Iaii. - 

,. acuminata v;ir ini?t,(jpjm:i - 

„ cordiformis - Shy. - 

„ llexistria i'hi). - 

„ pleurodon Phil. - 

„ pup^nus - Mart. - 

„ proava - Phil. - 

„ reniformis Sby. - 

Spirifera bisulcata Sby. - 

convoluta Phil. 

„ cuspidata Mart. 

„ craasa - - D. Kou. 

„ distans - - Sby. - 

„ duplicicosta Phil. 

„ fusifonuis Phil. 

glabra - Mart. - 

„ globularis Phil. 

„ integi'icostata Phil. - 

lineata - - Mart. - 

„ ovalis Phil. - 

„ plnnata - Phil. - 

„ piuguis - Sby. - 

„ rhomboidea Phil. - 

„ striata - IMart. - 

„ triangularis M:ut. - 

„ triradialis Pl\il. - 
Spirifcrina cristata 

„ insculpta - - Phil. - 

Streptorliynchus crenistria Pliil. - 

Strophomena analoga - Phil. - 

Terebratula hastata Sby. - 

„ sacculus ]M:u't. 

,sp. - 

Avicula ryrloptora 

lunulatii 

„ squaiiiusa 

„ hiiniiiosM - 

„ ku'V'igata. ■-' 

Aviculnpcctcu cirL-ularis 

,, coifciitricu^i 

„ margaritoides 

„ hemiaphericus 

„ tcssellatus - 
„ cUipticus 
„ dissimilis 
J, areiiosus 
„ intorstitialia 

„ pa])yrat'Ciis - 
„ granosus 
„ radiatus 



Carbonifebous Limestone. 



6-i. Posidonomya Bi'iiK'n - 

G5. „ CJihlisnm 

Of;. „ vetusta - 

67. „ sp. - 

68. Ptcrinea sp. 

69. Pinna costata 

70. „ lI;ibclUfurmis 

71. „ llexicoytaia, 

72. „ sp. - 



I'hi!. 

PliiI. - 

riiii. - 
I'hil. - 

j\rc..v - 

Koii. - 
l\rCoy- 
M'Coy- 
Phil. - 
Phil. 
Phil. - 
Flemg. 
Phil. - 
Phil. - 
Sby. - 
Sby. - 
Phil. - 

Gold. - 
Brown 
Sby. - 



Phil. - 
i\Iart. - 

i\rCoy 
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GEOLOGY OF THE BURNLEY COALFIELD, ETC. 



Species. 



Caheoniferous Limestone. 



B 1-3 
S. 



o 3^ 






1. Modiola elongata - 

2. ,. sauamifera 

3. .. granulosa 

■I. M\'nliiia sji. - 
5. Llvnlinri lamellosa 
(i Genillia ImiuUit:! ? 
7. Cu('ulli.cu obtnsa - 
s, ,. nrfiuta - 

0. ., rilhoil tn UH' 

10, PuUasiTa dli|)tifa 



Coiioi';trd]uui iiuiiax 

„ I'osti'atuin 

„ tvisjoniilis 

„ koninckii 

sp. 

Ctenodonta cimeata 
,, attenuata - 



gibbosa 
undulata 
claviformis 
luciniformis 
tumida 
'i-3. Saiift'uinobtr's anirustntus 
24-. Cariiiomorpha riblontra 
•l7). ,. hiiiiinata 

2i5. .. oruata 

27. C.vpricardiii (ilabrata 

28. " „ parallela 

29. „ rhomlica 

30. Edmondia sulcata, 

31. „ ubimiga 

32. „ orliieiilaris - 

33. „ unioniformis 

34. Area sp. - 

35. Myacites tumidus 

36. Leptodomus senilis 

37. Lutraria prisca 

38. Acroculia trilobus 

39. „ tubifer 

40. „ striatus 

41. „ neritoides 

42. „ vetustus ? 

43. ,, angustus 

44. Me-toptoraa elliptica 
pile us 



4fi. 


J, oblonga 


47 


imbricata - 


4S 


„ sulcata 


19. 


„ trilobata 


6(1. 


f.\i. 


;.l. 


( 'irrus ncutiis 


52. 


Murchisouia miji^iilatit - 


BS. 


jj lusildrniis 


fi'\. 


vittata - 


r,.=i. 


Loxonema sinuosa 


■ii^ 


„ constnolti 


^i1 


„ ^^llle^^losa 


ns 


„ .sfalaroidea 


fiO. 


„ tumida 


fiO. 


Slat'VucUoihi^ paralleUis 


til. 


J, arutus 


tii!. 


.J ciirvilinoiis 


fiS, 


I'cotiliiKns 


Ii4 


iliibricatii': 


1;,-). 


„ aigmalineua 


(a;. 


globularis 


l-',7 


Na.tica ampliata - 


fin 


„ lirata 


fi9. 


elliptica - 


70. 


planispira 


71. 


„ variata 


72. 


„ plicisiria - 



Phil. - 
Phil. - 
Phil. - 

Kon. - 

Phil. - 

Phil. - 

Phil. - 

Phil. 
Phil. 
JLirt. - 
Phil. - 
liailv. - 

Phil. - 

Plcm. - 
Phil. - 
Phil. 
Phil. 
Phil. 
Phil. - 
Sby. 
Phil. - 

Phil. - 

Phil. - 

Phil. - 

Phil. - 

M'Coy 
Phil. 

Phil. 

Phil. - 
M'Coy 

Phil. - 
Shy. 

Phil. - 

Phil. - 

Sbv. - 

Pliil. - 

Phil. - 

Phil. - 

Phil. - 

Phil. - 

Phil. - 

Phil. - 

si.v, . 

I'liil ■ 
I'liil. ■ 
IMiil . 
^;llv. 
Fin I . 
Phil. ■ 
Phil. ■ 
Phil. 
Phil. 
Phil. 
Phil. 
Shy. 
Phil. 
Phil. 
Phil. 
Phil. 
Phil. 
- Phil. 
Phil. 
Phil. 
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Caeboniteeous Limestone. 



n. 



:n. 
s± 
:a. 

34. 
35. 

3r,. 
37. 
3S. 



■n. 
^•2. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
61. 
62. 
r,:i. 
61,. 
65. 
66. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
05. 
66. 
07. 
GS. 



Xntit.'a Hloiigatii 
, , tabulata 

elliptica - 
Patella scutiformis 

, . siiiuosa 

, . Tnucronnta 

, , ciirvata 

, , retroraa 

, , lateralis 
Tur^o tiara - 

, , semisulcatiis 

, , biserialia - 
Tiirritella suturalis 
Pit urotomaria atomiiri 
„ al]dil;i 



;ita 



acuta - 

carinata 

civuato-str 

(.■oiiii-a - 

iU*|)r. Sill 

reimmilifura 

iiicoiisi[jieu:i - 

mterstriHlis - 

cxpausa 

lirata - 

limbata 

t'xi'iivnla 

moHtlirora - 

strialis - 

sculpta 

squaiimla 

sulcata 

sulcatiila 

spiralis 

suturalis (Eulima) 

undulata 

tornatilis 

vittata - 

rotunrhita - 

tumida- 

S|l. 



Platyschisma ^;l;lilI■ata - 
„ lii-Iifoidi-s 

„ uvo'idf^ii - 

Piuuierotituis cristatll'; 
Euoniiilialu-: eatillus 
„ calyx 

„ pugilis - 

„ pentangulatus 

„ pilcopsideus - 

„ pentagoTlalis 

,. tabulatus 

sp. - 
Trochus Yvanu - 
Bellcrophon costatus - 
tanpentialis 
„ hi ulcus - 

„ tenuifascia 

„ cornu-arietis 
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APPENDIX II, 



A List of Works A^D Papers relating to the Geology 
OF Lancashire an^d sojie of the adjacent Country. 

By W. Whitaker and R. H. Tiddeuan. 



NOTICE. 

The accompanying list of papers is meant to be u.sefiil for reference 
to any one who is interested in the geological structure and bearings 
of the district of which the memoir treats. It is not confined to 
Lancashire, but includes many important papers in adjacent counties 
which may be Ijrought to lieai- upon the district. Tiie list owes its 
existence in the first inst ince to the untiring and disinterested labours 
of my friend and colleague Mi-. Whitaker, to whom I am indebted for 
the chief part of the titles, and I .am glad to ha\e this opportunity of 
exj)re?sing my gratitude. I am also glad to acknowledge the kind 
assistance of Mr. Edward Bfst, Mr. Louis, C. Miall, and other friends. 
T do not profess to hayc read all the papers and books mentioned, and 
the list as a first edition will necessarily be somewhat imperfecl, but I 
shall be very grateful for corrections or additions with a view to a 
future issue. 

The arrangement is as foUow.s : First comes a list of authors in 
alphabetical order, with the numbers attached to their papers in 
the list of works appended. Then follows the list arranged in the 
first place by the years of publication. Each year is arranged in the 
alphabetical serjuenei' of the authors' names. In the case of a joint 
work it is inserted luulcr the name of the author whose name appears 
first in the title although in tlie index there is a reference to each 
author. In the case of a number of ^\'orks by an officer of the 
Geological .Sur\ ey in the same year I have arranged them under his 
name in the following order: Official works — linch maps, 6-inch maps, 
sections, memoirs — Private works. 

E. H. Tiddemax. 
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ALPHABETICAL LIST OF AUTHORS. 



A. 

Aikin, J., 17. 

Aitken, John, 269, 291, 315-6, 367-373, 

422-3, 443-4. 
Anou, 15, 31, 36, 47, h9, 50, 51, 53, 56, 

78, 165,292, 487-8. 
Aveline, W. T., 374, 424, 489, 518. 

B. 

Baiucs, S., 166, 181. 

Bakewell, R, 28. 

Barker, R., 117. 

Beddoe, Dr., 546a. 

Bewick, J., 394. 

Binney,E. W., 65, 93-6, 105-6, 109-111, 
114, 117-8, 122, 124-6, 129, 134, 137, 
14.3-4, 153-4, 157, 163i, 182-4, 217- 
225, 248-50, 270-2, 293-6, 317-322, 
344-8, 375-9, 395-6, 445-6, 490-1. 

Black, Dr., 79. 

Bostock, Dr., 42. 

Bostock, R., 397, 425., 

Boult, J., 164, 323, 519. 

Boulton, J., 398, 447. 

Bowman, J. E., 88, 97-8. 

Bramall, A., 273. 

Brigg, John, 547. 

Brockbank, W., 324, 520. 

BrowD, Capt. T., 99. 

Bunbuiy, Sir C. J. F., 168. 

Burn, r., 80. 

Busk, Prof. G., 521, 548-9. 

Butterworth, J., 325, 399. 

C. 

Cameron, A. G., 448-9. 
Campbell, Dr., 22, 24. 
CaiTuthers, W., 449-50, 492. 
Chambers, K., 127. 
Charnock, J. C., 128. 
Coal Commission, 451. 
Creyke, E., 115. 
Cumberland, G., 34. 
Cunningham, 0., 119, 123. 
Curry, J., 349. 

D. 

Dakyns, J. E., 383, 402, 424, 432, 452-3, 

461-3, 482, .523, 550. 
Dalton, James, 55. 
Dalton, W. H., 471. 
Darbyshire, K. D., 297, 551. 
Davidson, T., 169, 170, 172-3, 197, 251. 
Dawkins, W. B., 298, 426, 4 54, 522, 

552-3. 
De Kouinck, Prof. L., 161, 171, 427. 
Denham, Capt., 81. 
Denny, H., 1526, 184fl.. 
De Hance, C. E., 400-1, 428, 434, 455-9, 

468, 495, .524-6, 554. 



Dickinson, J., 138, 185. 
Dickinson, Jos., 252, 274, 326. 
Duncan, T., 147. 
Dunn, Matth., 112. 

E. 

Earwaker, J. P., 429. 
Eddy, S., 116, 174. 
Eccles, James, 380-1, 430. 
Everett, Prof., 460. 

F. 

Fairbairu, Sir )V., 226. 
I'arey, 25-7, 35. 
Farrer, J. AV., 130, 327. 



G. 

Gages, A., 186. 

Gurnett, W. J., 131. 

Geinitz, Dr., 275. 

George, E. ,T., 41. 

George, E. S., 72, 

Gilbertson, W., 53, 61. 

Graj', Thomas, 13. 

Gomersall, W., 554u. 

Green, A. II,, 198, 256, 278, I'.si', :)28, 

332, .182-3, 402, 424, 461-3. 
Greeuwell, G. C,, 329. 
Gunu, W., 405, 464, 466, 496. 

H. 

Hall, Elias, 57, 64. 

Hardwick, C, 330. 

Harkness, Prof, E., IM, 156. 

Harmer, F. W., 486. 

Haughtou, Berd. Dr. S,, 403, 

Hawkshaw, John, 100-1, 120. 

Henderson, A., 164. 

Henry, Dr. W., 32. 

Hewlett, A,, 330o. 

Heywood, Jas., 82, 104. 

Hibbert, Dr., 39. 

Higgins, Rev. H. H,, 465, 497. 

Hodgkinson, E,, 89, 102. 

Hodgson, Miss B., 253, 276, 350, 404, 
431. 

Hooker, Dr. J. D,, 157. 

Hopkins, J., 9. 

Housman, J., 20, 21. 

Howson, "W., 145. 

Hughes, Prof. T. McK., 331, 351, 374, 
384, 527, 555. 

Hull, E., 1,36, 158, 175, 187-9, 190-2, 
199-208, 227-239, 254-260, 277-82 
299-302, 332-4, ,!52-361, 385-6, 405, 
405«, 406-12, 432-6, 466-9, 498-9 
528-30, 556, 

Hume, Rev, Dr., 335 

Ilurtlc}, F., 16. 
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Inglis, G., 30. 

J. 

Jackson, Joseph, 113a. 
Jackson, S. B., 261. 
Jars, M., 14. 
Jones, Prof. T. R., 240. 
Jopling, C. P., 107. 



K. 

Kerr, — , 470. 
ICng, Prof. W., 1-35. 
Kirkby, J. W., 241. 
Kirwan, E., 18. 
Kuowlcs, A., -42. 
Knowles, J., 437. 



Leigh, C, 8. 
Leigh, J., 65. 
L.E. 0., 47. 
Lister, M., 2-5, 7. 
Looney, P., 66. 
Lucas, J., 471. 

M. 

Mackintosh, D., 303, 413-5, 438, 472, 

531. 
Malevenr, Dr., 7. 
Mallet, Dr. J. W., 146, 14;-.. 
jNIamit, J'. P., 500. 
Maw, G,,416. 
Miall, L. C, .'i01-2, 532. 
Moon, M. A., 387. 
Mordacque, Rev. S. H., 193. 
Mon-is, J. P., 388. 
Morrison, "Walter, 473. 
Morton, G. H., 162, 194, 2(19-212, 24.3-."., 

262-3, 3il4, 336-7, 362, 474-.'j, 503-.5, 

533., 
Murchison, Sir K. 1., 58, 62. 
Mushet, D., 19. 



N. 

Neild, J., 338. 
Nicholson, Dr. H. A., 417. 



0. 

Ormerod, G. W., 132, 139, 140. 
Owen, Professor R., 363. 



P. 



Paley, P. A., 364. 
Paterson, 305. 
Peace, Wm., 83. 
Peacock, R.A., 365. 
Percy, Dr. J., 283. 



Phillips, Prof. J., 52, 59, 63, 67, 7.3-4, 
86, 113, 149, 150, 152c, 159, 176-7, 
306-8, 339. 

Pigott, Dr., 163. 

Plant, J., 340, 389-391, 476, .357. 

Piatt, J., 12. 



R. 

Ramsay, Prof. A. C, 309, 506. 

Reade, T. M., 507-9, 534-7, 558. 

Rennie, G., 164. 

Richardson, T., 84. 

Richmond, L., 11. 

Ricketts, Dr. C, 418, 439, 477, 559. 

liohtrts, G. E., 298, 310. 

Roherts, Isaac, 538. 

Roberts, J., 419, 478-9. 

Rofe, J., 284, 3U-2, 341, 420, 440, 

480, 539. 
Russell, R., 424, 463, 482, 530, 560. 
Ruthven, J., 160. 



s. 

Sainttr, J. D., 213, 264, 313. 

Salmon, H. C, 214. 

Salter, J. W., 265. 

Sedgwick, Prof. A., 68-70, 121, 146a. 

Sharpe, D., 108. 

Sharpe, Rev. W., 102a. 

Short, Dr. T., 10. 

Shirley, T., 1. 

Smith, Ecroyd, 314. 

Smith, J. T., 481. 

Smith, Wm., 29, 33, 46. 

Smitli, Roach, 1 13a. 

Smyth, W. W., 136. 

Sorhy, H. C, 151, 178-9. 

Sowerby, G. B., 40, 48, 60. 

Sowcrliv, J., 38, 41, 43. 

Stark, .i.,44. 

Strangways, C. P., 432, 471. 

Sturdie, J., 6. 



T. 

Talbot, J. H., 396. 

Tate, A. N., 266. 

Taylor, J., 195, 246-7, 285. 

Taylor, J. E., 366. 

Teale, T. P., 163a, 179a. 

Tiddeman, R. H., 374, 393, 405, 405n, 

406, 433, 467, 469, 510-11, 541-4, 

556, 561. 
Thornber, Rev. W., 75. 
Thorp, Rev. W., 90, 91, 102a. 
Thorpe, T. E., 392. 
Tomlinson, C, 196,215. 
Tooke, A. W., 76. 
Trimmer, Jos., 141, 152. 
Turner, W., 180. 



Vaux, P., 133. 
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W. 

Ward, J. C, 383, ^Oi, 42], 424, l:U. 

452-3, 4lil-,!, 482. 
Watson, H. U., .VI. 
AVe'>t,T., 152r(. 
Whitaker, J., 21b, 28G, 343. 
Wiirzburger, P., 512. 
Wild, G., 287. 

Wilkin.-ion, T. T., 210, 267-8, 288, 342. 
Williamson, W. C, 71, 77, 8,5, 87, 142, 

483, 013-14, 545, 



Wolla^ton, G. H., 441, 484. 

Wood, K,, 21) 8. 

Wood, S. v., jun., 442, 485-fi. 

Woodward, II., 289, 515-17, 346. 

WooUioth, J. C, 37. 

Wynne, K. 11., 21)0. 



Y. 

Yatf, J. B., 92, 103. 



/ LIST OF IfORKS AND PAPF.RS RELATING TO 

THE GEOLOGY OF LANCASHIRE AND SOME OF 

THE ADJACENT COUNTRY. 



1. Shirley, T. 



LiSTEK, M. 



4. 



1667. 

The Description of a Well and Earth in Lan- 
cashire taking fire by a Candle approached to 
it. P}iil.Trans.,vol.ii.{No.2e,),p.A%2. 

1674. 

A description of certain stones figured like 
plants, and by some observing men esteemed to 
be plants petrified. (Craven.) Phil. Trans., 
i-ol. viii. {No. 100), y). 6181. 

Of Trochitfe and Eptrochi. Ibid. 

On a Subterranean Fungus and a Mineral 
Juice. Ibid. ji. 61/.'*. 

1675. 

(_)t an odd figured Iris. (" Rainsborough 
Scar Rible " and " Eshton Turn.'") Phil. Trans., 
red. be. {No. n()),ji. 2l'-'. 

1693. 

Extracts of some Letters concerning Iron Ore 
and Iron, particularly of the Haematites, wrought 
into iron at Milnthorp Forge. (Lancashire.) 
Phil. Trons., vol. xvii. {No. 199), p. 695. 

1699. 

7. Li-sTER, Dr. M., and Of Coal Borings. Phil. Trans., vol. xxi. {No, 
Maleverer. 250),^). 7-'>. 



6. Sti'rdie, J. 



8. Leigh, C. 



9. Hopkins, J. 



1700. 

Natural History of Lancashire, Cheshire, and 
the Peak in Derbyshire, &c. Fol. Oxford. 

1732. 

An Extract of a Letter concerning an extra- 
ordinary large horn of the Stag kind taken out 
of the sea on the coast of Lancashire. (Raven's 
Barrow Hole, Holker Old Park.) Phil. Trans., 
vol. xxxvii,, p. 257. 
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10. Short, Dr. Thomas 



11. Richmond, L. 
1-. Platt, J. 

13. Gray, Thomas 

14. JAR.S, M. 

15. Anon. 

16. HuRTLEY, F. 

17. AlKI.\, J. 

18. KiRWAN, R, 

UK MUSHET, D. 

20. HOUSMAN, J. 

21. 



174(1. 

An Essay towaj'ds a Natural, Experimental, 
and Medicinal History of the Pi-incipal Mineral 
Waters of Cumberland, Northumberland, West- 
moreland, Bishop-prick of Durham, Lancashire, 

&c,, particularly those of Cartmall, &c. 4to. 

Sheffield. 

1745. 

A Letter concerning a moving Moss in the 
neighbourhood of Church Town in Lancashire. 
Phil. Trans., vol. xliii. {No. 475), p. 282. 

1751. 

A Letter concerning a flat spheroidal Stone, 
having Lines regularly crossing it (Ardwick.) 
Phi/. Traii.i., vol. xlvi. {No. 496), jy. 5.34. 

17'i'». 

Journal of a Tour in the North of England 
(Letters). 

177-1. 

Voyages Metallurgiques. Tome 1. Quarto. 
Lyons. (Lancashire, p. 251, Yorkshire, p. 

255.) 

1781. 

Toiir to the Caves in the Environs of Ingle- 
borough and Settle in the West Riding of 
Yorkshire, their Geology, &c. 8do, 

1786. 

Account of Natural Curiosities at Malham m 
Cra\'en, Yorkshire. Suo, 

1795. 

Description of the Country from 30 to 40 
miles round Manchester. 4to. 

1 798, 

Experiments on the Composition and Pro- 
portion of Carbon in Bitumen and Mineral Coal, 
Journ. of Nat. Phil. Chem. and Arts. 4lo. vol.], 
p. 487, 

17:):). 

(In Primary Ores of Iron. Phil. Mar/., (Ser. i.\ 
vol. in., 23. 350, 

1800. 

Descriptive Tour and Guide to the Lakes, 
Caves, Mountains, &c., in Cumberland, AVcst- 
moreland, and Lancashire, Sco. Carlisle. 

A Topographical Description of Cumberland, 
Westmoreland, Lancashire, and a part of Ihe 
AY est Riding of Yorkshire, (Ma|) of the Soils, 
Accounts of Caves, Soils, Minerals, Stone,) 
8ro. Carlisle. 
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2^2. Campbell, Dr. - 



•23. Farey, J. 



24. Campbell, Dr. 



25. Farey, J. 



26. Farey, J. 



27. Farey, J. 



2"^, Bakewell, R. 

2'), Smith, William 

30. Inglis, G. - 

31. Anon. 

32. Henry, Dr. W. - 

33. Smith, William 
3J. Cumberland, G. 

30514. 



1810. 

Remarks upon the Inferior Strata of the 
Earth occurring in Lancashire, with some niia- 
cellaneous ohservations arising from the subject. 
Witli a Geol. Map of Lancashire, by Dr. Wil- 
kinson. Correspondence of the Bath mid W. of 
England Soc, vol. xii., p. 85. 

A List of about 500 Collieries in and near to 
Derbyshire. Phil, Mag., vol. xxxv.,}). 431. 

1811. 

Remarks upon the Inferior Strata of the Earth 
occurring in Lancashire, with some Observations 
arising from the subject. Phil. Mag., vol. xxxviii., 
p. 268. 

Geological Remarks and Queries on Dr. Camp- 
bell's Map, and account of the Stratification of 
Lancashire. Ibid., p. 3'SG. 

1812. 

Geological Observations in correction and 
addition to the Paper on the Great Derbyshire 
Denudation, and the Report on Derbyshire, &e. 
Phil. Mug., Ser. i., vol. xxxix., /;. 93. 

1813. 

Cursory Geological Observations lately made 
in Shropshire, Wales, Lancashire, Scotland, 
Durham, Yorkshire N. R., and Derbyshire. 
(Some Observations on Mr. Bakewell's Geolo- 
gical Map, and on the supposed identity of the 
Derbyshire Peak and the Craven Limestone 
Rocks.) Phil. Mag., vol. xlii.,;j. 53. 

1814. 

An Account of the Coalfield at Bradford, near 
Manchester. Trans. Geol. Soc, Ser. i., vol. ii., 
p. 282, 

1815. 
A Delineation of the Strata of England and 
Wales with part of Scotland (IC sheets in case). 

18)7. 
On the cause of Ebbing and Flowing Springs. 
Phil. Mag., vol. il, p. S\. 

1818. 

Blue Iron Earth (Knots-hole, near Liverpool). 
Ann. of Phil. vol. xi., p. 391. 

Analysis of a Siliciferous Subsulphate of 
AUimine found in considerable quantity in o, 
Coal Mine near Oldham. Ibid., p. 432. 

1821. 
A Geological Map of Yorkshire (4 sheets). 

1823. 
On the Origin of the Accumulations of Bones 
in the Caves of the Vale of Pickering, in York- 
shire, and in other places. Thomsons' Ann. Phil., 
'^»r. ii., vol. v., p. 127-9. 

N 
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35. Farey, J. On the unconformable position of the Ponte- 

fract Rook of Sandstone with respect to the 
subjacent Coal Measures, &c. Ibid. p. 270. 

182-1. 

36. Axon. Fossils (Stag's Horns, Wallasey Pool). Phil. 

Mag., vol. Ixiv., ^j. 315. 

37. WooLNOTH, Lieut. J. C. Analysis of the Holy Well Water, near Cart- 

mell, Lancashire. Ibid. p. 394. 



1824 ?-5. 

The Mineral Conchology of Great Britain, 

vol.v. 8vo., London. ILancashire, pp. 34-5, S3. 
Yorkshire, pp. 23, 36, 109, 119, 160.] 

1825. 

On the Dispersion of Stony Fragments remote 
from their native beds, as displayed in a Stratum 
of Loam near Manchester. (Roy. Soc. Edin.) 
Edin. Journ. Sci., vol. u.,p. 208. 

Description of a new Species of Pentremites. 
Zool. Journ., vol. ii., p. 316. 
41. SowERBY, J. D. C.,and Additional Observations upon a Fossil found 
George, E. J. in Coal Shale, and the description of a Palate 

found in Coal near Leeds. Ibid., p. 22. 
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Hoarstones Brow, 34. 
Hodder, E., 11, 12, 16. 
Hoddlesden, 57. 
Hoghton, 13, 34,43. 
Holcombe, 45. 
Holcombe Brook, 41. 
Holcombe Moor, 43. 
Holden Clough, 11, 16, 19, 22, 174. 
Holden Wood, 41. 
Hole Brook, 34, 36. 
HoleSike, 111. 
Holliu Hall, 24. 
HoUinhurst Bridge, 28. 
Hollins, 30, 86. 
HoUin Top, 3J. 
Hoofstones Height, 9. 
Hook Cliff, 18. 
Hoolster Hill, 34. 
Horelaiv Ntiok, 6. 
Horrocksford Quarries, 1 J . 
Horsebridge Clough, 9, lUj, 110. 
Horton, 28. 
Horwich Moor, 134. 
Hough Stone, 102. 
Houghton Hay, 87. 
Howroyd Clough, 45. 
Hudson Moor, 100, 109. 
Huuterholme, 79. 
Huntroyde, 05, 75,76. 
Hurstwood, 87. 
Hyndburn, 83. 



I. 

Ice-markings on Horwich Moor, 134. 
Ickornshaw, 46, 51, 137. 
Ightenhill, 81,87. 
Tgneous Rocks, 171. 
Ingham Clough, 103. 
Ingham's Farm, 87. 



Ingleborough, 14 
luglewhite, 172. 
Ings Beck, 11, 17, 174. 
Irwell, 41, 42, 



J. 



Jack Bridge, 113, 
Jack Green, 37. 
Johnny Gap, 116. 
Joiner Stones, 118. 
Jumble Clough, 105. 
Jumbles, 58. 
Jumps, 116. 



K. 

Kebcote, 109. 

Keelam, 109. 

Kelbrook, 13, 32, 46, 49. 

Ker-haw Coal, 71, 82. 

Keuper Marls, 12 7. 

Kev-field, 31. 

Kinder Scout Grit, 33, 50, 97, 9S, 107 

King Coal, 94, 96. 

Kirk Clough, 30. 

Kirkham, 128, 142, 143. 

Kirkless Hall CoUierv, 90. 

Kirk Sikes, 47. 

Kirk's Wife Wood, 30. 

KuoU HiU, 13. 

Knoll Moor, 45. 

Knotts Brook, 34. 

Knowlmere Manor, 10, 21, 122 

Knowl Top, 18. 

Knowl Wood, 40. 

Knunk Knowles, 15. 

Knuzdeu, 64. 



L. 

Lad-law, Boulsworth, 9. 
Landslips, 119. 

Laneshaw, 12, 51, 52, 137, 139. 
Laneside, 175. 
Laugher, 29. 

Langfield Edge, 88, 100, 107. 
Langlield Moor, 9. 

Lead Mines of the Ribble Valley, 173. 
Leyland, 141, 142, 151. 
Limestones of Pendle, 16. 
Littleborough, 6, 41, 43, 45, 58, 175. 
Little Coal, 57. 
Little Hoar Edge, 88. 
Longridge, 16, 18. 
Longton, 165, 169. 
Lostock, 156. 

Lothersdale, 10, 13, 46, 48. 
Loud R., 10. 

Low Bottom Coal, 80, 83. 
Lower Boulder Clay, 140, 155. 
Lower Cyclas Clay, 158. 
Lowerford, 56. 
Lower Yard Coal, 81, 82. 
Lower Yoredale Grit, 20. 
Lower Yoredale Shales and Limestones 
30. 
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Low Moor Mills, 121. 
Luddenden, 99, 100, 115, 118. 
Luddeuden Valley, 8, 9. 
Lumb, 117. 
Lumb Foot, 45. 
Lumbutts, 102, 105, 107. 

Malham Cove, 11. 

Marsden, 65, 67, 68, 78. 87. 

Marsden Four-foot, 73. 

Marsh aw Bank, 118. 

Martin Mere, 157, 161. 

MaitinTop, 27, 173. 

Mai-ton, 29, 31. 

Marton Scar, 11, 13, 139. 

Mary Anne Seam, 71. 

Maudsley Fold, 10. 

Mawdesley, 126, 156. 

Mearley Hall, 17, 18, 19, 20. 

Mellings Clough, 40. 

Mellor, 12, 24, 34. 

Mere Stones, 110. 

Metals, 173. 

Middle Drift, 141. 

Middle Sand near EUerbeck, 95. 

Middle Sand of the Eibble Plain, 123, 

129, 135. 
Midgley, 113, 115, 118. 
Mill Hill, 64. 
Millstone Edge, 33. 
Millstone Grit,. Divisions of the, 98. 
Millstone Grit Series, 33. 
Minerals, 172. 
Monk Edge, 13. 
Moorcock Inn, 19. 
Moor Edge, 24. 
Moor End, 115. 
Moor Isles Clough, 87. 
Moreton Park, 36. 
Mosleden Height, 8. 
Moss Houses Beck, 50. 
Mountain Mines, 54, 55, 56, 64, 68, 91. 
Musbury Heights, 43. 
Mytholmroyd, 9. 

N. 

Nab, 8. 
Nappa, 16. 
Nelly Hole, 50. 
New a' Nook, 19. 
Newchurch-in-Pendle, 6, 35. 
Newchurch-in-Bossendale, 42. 
Newfield Edge, 20, 22. 
Newton, 10, 12, 19. 
Nick of Pendle, 23, 34, 175. 
Noah Dale, 113. 
Northwood, 07. 
Noyna, 13. 

0. 

Oaken Bank, 44. 
Oakenshaw, 73, 83. 
Oatley Hill, 45. 
Offa Hill, 27, 28, 35. 



Ogdeu Clough, 23. 
Ogden Valley, 43. 
Old Lawrence Rock, 55, 
Old Salford CoUiery, 82. 
Old Yard Coal, 71, 82. 
Ormerod Wood, 86. 
Orrell Moss, 6. 
Oswaldwistle, 50, 63, 04. 
Ouseklale, 31. 
Over Darwen, 57. 
Oxcuhope Moors, 8, 115. 



Padiham, 5, 79, 81, 84, 87, 130, 134. 

Padiham Reservoir, 76. 

Parbold, 156. 

Park Close, 28. 

Park Hall, 92, 93. 

Park Head Quarry, 46, 49. 

Park House, 14. 

Parrook Clough, 104. 

Parsley Barn, 25. 

Paul Clough, 100, 101. 

Paythorne, 16. 

Peacock Row, 44. 

Peat, 159. 

Pebble Beds of the Bunter Series, 123. 

Pendle, 17, 20, 23, 25, 26, 34. 

Pendle Hill Brook, 18. 

"Pendle's brasted hissel," 25. 

Pendleside Limestone, 17. 

Pendle Range, 12, 168. 

Pendle Water, 7, 12, 75. 

Pendleton, 18. 

Penwortham, 160, 162, 167. 

Permian System, 120, 171. 

Physical Features, 5, 8, 12. 

Piked Edge, 13, 50. 

Pike Low, 6, 43, 44. 

Pinnaw, 13, 46. 

Pisser Clough, 111. 

PleasingtOD, 44, 130. 

Plumpton, Great, 144. 

Pole HiU, 113. 

Portsmouth Valley, 6, 43, 45, 54. 

Post-Glacial Drifts, 128, 155, 16S. 

Pot Brinks Moor, 101, 112. 

Presall, 158. 

Preston, 123, 140, 142, 145-7, 155, 167. 

Proctor Height, 49. 

Priestley Ing, 107. 

Pyebrook Hall, 93. 

Pudsey Clough, 40. 



Quarlton, 57, 58. 



Q. 



R. 



Radburn, 37. 
Rain Hall, 11, 29, 30, 32. 
Ramsbottom, 41. 
Eamsden Clough, 41, 80. 
Ramsgreave, 34. 
Ratchers, 37. 
Raven Coal, 90. 
Ravensholme, 18. 
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Raven's Rock, 7<2. 

RaygiU, 46, 48. 

Read Park, 4-2, 44. 

Reaps, 1 13. 

Keddyshore Scout, 41. 

Redscar, 140, 14.3. 

Red Spa iloor, 44. 

RedWater Brook, 45. 

Red Water Clough, 43, 

Reedshaw Moss, 11, 4G, 50, 52. 

Resburu Fold, 24. 

Resources of the Buruley Basin, 82. 

Revidge, 44. 

Ribble R., 5, 11, 12, 34, 120, 121, 123, 

12'.i, 136, 143, 144, 148, 15u, 153, 159, 

163. 
Ribohester Station, 24. 
Ribourne, 8, 9. 
Ridding Hey, 15. 
Riddle Clough, 21. 
Riddle Scout, 74. 
Riddle Scout Rock, 54, 7,5. 
Riil.H-aling, 39, 44. 
Rig of England, 39. 
Rimington, 11, 27. 
Ripponden, 100, 108. 
Rishworth Hall, 108. 
River Ten-aces, 139. 
Rivington, 43. 
liivington Hall, 33. 
Riyington Hill, 34. 
Riyington Pike, 43. 
Roach Bridge, 10, 36, 120, 155, 170. 
Robiu Wood, 40. 
Rochdale. 9, 43. 
ll<iclii\K Moiilonnvef,, l.'l:"!. 
Roddel Chapel, 175. 
Roddlesworth, 7, .33, 37, 43, 44. 
Roger Jloor, 46, 49. 
Rossendale, 41, 139. 
Roughlee, 12, 36, 37. 
Roiipli Rock, 43, 52, 91. 
Rowliy Colliery, SC, 
Royle, 79, 87. 
Royshaw Hill, 44, 83. 
Rufford, 126, 143, 156, 157, 165. 
Ryal, 4B. 

Ryburn, 108, 109. 
Rye-loaf, 11. 

s. 

Sabden,23, 25, 35, 36. 

Sabden Brook, 39. 

Sabden Valley, C, 39. 

Sabden Valley Shales, 36, 50. 

St. Hubert A'ein, 174. 

Salis Wheel, 34. 

Salmesbmy, 24, 38, 173. 

Salterforth, 31, 32, 46, 138. 

Saltonstall Moor, 115. 

Pulthill, 15. 

Samlesbury 35, 125, 143, 147. 

Sand-rock Coal, 62. 

Saucer Stones, Great, 101, 107, 112. 

Sawley, 11, 12, 174. 

Scarisbrick, 128, 170. 

Sear Limestone, 48. 

Scout Moor, 43, 45. 



Scout Moor Brook, 41. 

Scrobicularia Clay, 158. 

Seed Lea, 37. 

Shackleton Knowl, 115. 

Shales below Rough Rock, 52. 

Shales betiyeeu Yoredale and Kinder 

Grits, 28. 
Shales-with-Limestones, 16. 
Shaw Clough, 104. 
Shaw Head Beck, 50. 
Sheddon Edj;.-, 45. 
Shell Coal, 71, 82. 
Sheep House Clough, 45. 
Shining iloss, 62. 
Shirdley Hill Sand, 156. 
Shore Farm, 7. 
Shore Moor, 6, 45. 
Shuttleworth, Higher, 84. 
Shuttleworth Moss, 41. 
Simonston Hall, 65, 76. 
Skeleron, 15, 17, 27, 173. 
Skipton, 9, 139. 
Skirden Beck, 1 1 . 
Slaidburn, 10, 14, 19. 
Slaty Coal, 78. 
Slitheroe, 108. 
Smith Coal, 94, 96. 
Smith I-Iill, 49. 
Sough Bridge, 32. 
South Field Bridge, 29. 
Snwerbv, 109. 

Sowerby Bridge, 5, 8, 9. 100. 
Spen, Lower, 39, 
Speuce iloor, 25, 26. 
Spidden Ri\'(.-r, 7. 
Si)rings, 32. 
Stairs" Hill, 8. 

Staually Clough, 100, 102. 
Standen Brook, 11, 16. 
Stank Top, 27, 28. 
Stanworth Edge, 44. 
Stiperden House, 89. 
Stiperden Moor, 40, 45. 
St. Hubert Mine, 174. 
St. Johu's Vale, 9, 100, 107, lis. 
Stock Bridge, 31. 
Stock Beck, 11, 28. 
Stockdale, 11. 
Stokes-in-the-Moss, 9. 
Stone Edge. 39. 
Stone Head Beck, 50. 
Stoneyhurst, 12, 136. 
Stoodiey Clough, 103, 104, 117. 
Stoodley Pike, 100, 107. 
StroDstrey Bank, 33. 
Stubbms, 41. 
Swanside Beck, 11. 
Sweet Brow, 13, 48. 
Swift Place, 108, 109. 
Swinden Clough, 40, 132. 
Sammerseat, 42. 
Swinden Water, 43, 67, 09, 86. 
Sunderland Hall, 135. 
Sun HiU, 8. 
Surgill, 48, 50. 
Syd Brook, 127. 
Sykes, 11. 

Synclinal of Carlton, 46. 
Synclinal of Reedshaw Moss, 50. 
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Talbot Bridge, 122. 

Tewit Hall, 39. 

Thievely, 43, 45, 62, 85. 

Thornton, 10, 13, 29, 31, 46, 48. 

Thoruyholme, 123. 

Thursden, 131. 

Thursden Brook, 39, 42, 45, 131. 

Tidal Deposits, 163. 

Till, 140. 

Tockholes, 33, 37, 43, 46. 

Todber, 175. 

Todmorden, 7, 9, 40, 100, 101, 102, 

Tom Groove, 106. 

Tonacliffe, 45. 

Tor Hill, 43. 

Tosside Chapel, 11,172. 

Towneley, 82, 175. 

Trap Dykes, 171. 

Trawden, 12, 46, 68. 

Ti-iassic Books, 122, 171. 

Trippet of Ogden, 41. 

Tun Brook, 152. 

Turnoroft, 57. 

Turton, 57, 58. 

Turton Heights, 46. 

Twiston, 15, 16. 

u. 

Up-HoUand Flags, 91. 

Upper Boulder Clay, 135, 141, 151. 

Upper Mottled Sandstone (Bunter), 126 

Upper Yoredale Grit, 22. 

Upper Yoredale Shales, 50. 

V. 

Vicarage Mine, 82. 
Victoria lead-mine, 19, 174. 

w. 

Waddington, 12, 18, 19. 
Waddington Brook, 11. 
Waddow, 12, 14, 121, 136, 175. 
Walsden Moor, 9, 88. 
Walshaw, 105, 116. 
WalshawDean Head, 101, 110. 
Walton-le-dale, 124, 140, 150, 156. 
Wardle, 58. 
Warland, 41. 
Warley, 115. 
Warley Wise, 50. 
Warning to Coal-seekers, 2 1 . 
Water foot, 41. 
Watersheddles, 46, 50. 
Watersheds, 6, 11. 
Way Stone Edge, 8, 36, 



Weather Hill, 45. 

Woethcad Height, 23, 26. 

Wwts, 11, 12, 13.20,22,27. 

Welsh Whittle, 94. 

West Bradford, 137. 

Westby Bridge, 144. 

Wether Edge, 45. 

Wet Moss 45. 

Whalley, 12, 24, 25, 34, 130, 133, 135. 

Whcatley Lane, 65. 

Whinney Edge, 64, 

AVhitaker, 60. 

Whitaker Pasture, 42, 

White Hongh Water, 27. 

White Moor, 11,28, 137. 

Whitewell Mine, 172. 

Whitewell, 15. 

Whitley Royd, 103, 109. 

Whittle Field Colliery, 84. 

Whittle-le-Woods, 13, 43. 

Whitworth, 7, 43, 45. 

Wickenberry Clough, 102. 

Widdop, 106, 111. 

Widdop Moor, 9, 11, 40, 89, 137. 

Willy Moor, 44, 101. 

Winewall, 44, 52, 68. 

Winsley, 102, 109. 

Winter Hill, 33, 34, 36. 

Wiswell, 18, 34. 

Withens Clough, loj, 107, 117. 

Withens Height, 8. 

Withgill, 12, 14. 

Withins Height, 1 10. 

Withnell, 33, 44. 

Witton, 56. 

Wolfstones, Little, 13. 

Woodfold Park, 38. 

Woodhead Hill Eock, 55, 56, 64, 66. 

Woodhouse Lane, 45. 

Worsaw, 12, 14, 15, 16, 17. 

Worsthorn, 65, 87, 131. 

Worsthorn Moor, 56, 69, 89. 

Worsthorn Bock, 56. 

Worston, 11, 17. 

Worth Valley, 137. 

Wybersey, 12, 16. 

Wycollcr, 12. 

Wyre B., 5. 

Y. 

Yard SL-ams, 57, 81, 82, 94, 96. 
Yarlside,31. 

Yarrow E., 90, 91, 95, 120, 122. 
Yellison House, 46. 
Yeoman Hill, 8. 
Yew Tree Inn, 38. 
Yoredale Grits, 20, 22, 49. 
Yoredale Grit and Shales, 102. 
' Yoredale Shales, 101. 
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